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Editor 
Ray Osterwald, NODMS 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 
1989 by Barry Wiseman (N6CSW, SK), the magazine continues 
publication for those who appreciate the value and excitement 
of operating vintage equipment and the rich history of radio. It 
is hoped that the magazine will provide inspiration and 
encouragement to collectors, restorers and builders. It is 
dedicated to the generations of radio amateurs, experimenters, 
and engineers who have preceded us, without whom many 
features of life, now taken for granted, would not be possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain 
to vintage equipment and operating with a primary emphasis 
on AM, but articles on CW, SSB, and shortwave listening are 
also needed. Photos of hams in their radio shacks are always 
appreciated. We invite those interested in writing for ER to 
write, email, or call. 


Some Regular Contributors Include: 
Tom Marcellino (W3BYM), David Ishmael (WA6VVL), Gary Halverson 
(K6GLH), Larry Will (W3LW), D.S. “Jeep” Platt (K3HVG), Joe Long 
(WA2EJT), Jeff Covelli (WA8SAJ), Mike Bittner (W6MAB), Mike 
Murphy (WU2D), George Misic (KE8RN), Dave Gordon-Smith 
(G3UUR), Pat Griffin (AA4PG), Phil Legate (ACQOOB) 


Editor’s Comments 


A Correction 

Somehow it was mentioned in ER several months 
ago that the Transformer Rewinding Service is no 
longer in business. Per Gary at TRS this month, that 
is definitely not the case! Gary continues to offer a 
full range of transformer rewinding services. Itis best __ 


to call or email to discuss your rewinding needs. Here 
is his full contact information: 
Transformer Rewinding Service 
478 Forest Avenue 
Orono, ME 04473 
207-942-5745 
Xfrmrs528@gmail.com 
Fall Classic Exchange 
Please see page 48 for more information on this popular event! 


73, Keep Those Filaments Lit! NODMS 
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| Cee Back in 1979, Dr. Eric Polk (W4SAY) wrote one of the last major vacuum 
tube projects to appear in QST. It was a 150-watt, bandswitching VFO-controlled 
transmitter he called the “CW-150.” At the time, the editorial people at QST were 
talking about possibly using the unit on the cover. A large 4x5 transparency was 
prepared and made ready for publication. A last minute decision was made to go 

with a different cover subject and the article appeared without that cover photo. 
Forgotten until recently, Eric found the shot of himself, much younger, doing a 
final check-out of the CW-150 while his wife approaches in the background with 


a most welcome coffee break! 


A Solid State Crystal Calibrator 


(A Vintage Receiver Accessory) 


By Tom Marcellino, W3BYM 
13806 Parkland Drive 
Rockville, MD 20853 
w3bym1@gmail.com 


Background 

Most amateur receivers' from the 
1930s, ‘40s and early “50s did not have a 
crystal calibrator — often referred to as a 
“crystal marker” in that era. In the later 
‘50s and then in the ‘60s, manufacturers 
included this useful accessory but only in 
the higher-end radios. When the digital 
receivers were introduced the need for a 
calibrator was greatly reduced. 

The goal for this project was to build a 
crystal calibrator with the best accuracy 
possible, and having good stability for 
my HQ-129X receiver.”? Chassis space 
was nearly used up in this receiver, but a 
9-pin miniature tube could be squeezed 
in. However, I took a different direction 
and chose to use solid state technology. 

Power Supply 

The power supply (figure 1) for this 
application plays a very important task in 
order to maintain the best accuracy and 
good stability. The 6.3 volt filament 
supply serves as the voltage source. A 


simple half wave rectifier, yielding about 
8 volts DC, would have been marginal 
because the output voltage would be too 
low for oscillator stability with a 6 volt 
Zener diode. 

A voltage-doubler design with a 12 
volt Zener diode was a better approach 
that yielded better stability for the solid 
state circuit. When constructing a voltage 
doubler, care must be taken to insure the 
correct polarity of the rectifiers and filter 
capacitors. 

A Zener with an excess power rating 
was selected for a special reason. This 
diode is rated for 5 watts, which is higher 
than necessary for an external circuit 
needing low current. The Zener current, 
by design, is a low 2 mA. Both of these 
factors add up to virtually no diode 
heating. Diode heating will change the 
output voltage of the Zener. This, in 
turn, will change the calibrator’s 
frequency. Yes, the frequency change will 
be small — but it will still change with less 
than a tenth of a volt difference. 

The 8k-ohm bleeder resistor draws a 
small 1.5 mA. The bleeder is necessary 
because without it the 1000 pF output 
filter will continue to power the oscillator 


10016V 1N4007 


1N4007 
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560 1N5349 


+12V 


Figure 1: S4 is the original noise limiter switch in the HQ-129X. The currents are: 
Zener = 2 mA, bleeder = 1.5 mA, external load = 2 mA. ’ 
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Figure 2: The HQ-129X 
Noise Limiter circuit uses 
S4 to control the path 
around the diode section of 
the 6H6. For calibration 
usage the two wires are 
removed from S4 and 
reconnected together to 
bypass the diode. C34 isn’t 
actually connected to the 
switch. 


for a short time after the power is 
turned off. 

Installing a crystal calibrator into 
a vintage receiver isn'ta challenging 
task. The problem is how to turn 
the accessory on-and-off. I guess it 


could run continuously — but that 
would be silly. 

There are several options to solve this 
installation issue other than drilling an 
unacceptable hole in the front panel. 
There may be a rotary switch that, when 
replaced with additional contacts, could 
serve as the power switch. Or, in my case 
there was a never-used function that could 
be converted. 

ThesHO=129X has a noise, limiter* 
function that uses switch S4 (figure 2) to 
activate the limiter. In the many years 
I’ve used this receiver not once have I 


Oscillator 


The basic multi-vibrator oscillator 
circuit for this project appears in reference 
5 at the end of this article. A few changes 
were made to match my on-hand stock of 
parts. The original transistors were 
2N3904s. Series capacitor Cl was 
originally 60 pF but was changed — as 
you will soon read about. 

The circuit in figure 3 was first built 
on a breadboard. Cl (60 pF) was a 5mm 
variable plastic capacitor — the same value 
as in the original circuit. The crystal is 


used this function. | 
guess back in the day it 
may have served some 
usefulness. 


Figure 3: The classic 
multi-vibrator circuit 
requires a solid 12 volts 
for accurate and stable 
operation. The output 
capacitor is connected 
directly to the center of 
the antenna jack. 


C1" 


100Ke 


100pf SM 
~ 2n2222 —” 


C1* = 430pF SM 
See Text 
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one of two in stock marked 100.000 kc. 
The crystal is manufactured by Northern 
Eng. Labs, model NE-13E. Power was 
supplied from a bench power supply that 
was set to 12 volts for my initial testing. 

When power was applied the oscillator 
fired right up. Both the fundamental 
frequency and the signal at 25 MHz were 
monitored. A digital receiver was used 
for the HF signal. The fundamental read 
100.048 kc and the signal at 25 MHz 
read 25.011 MHz. Although the 
calibrator was operating, the results were 
totally unacceptable. 

These large errors were obviously 
connected somehow to Cl, or the crystal, 
or both. My first thought focused on 
Cl’s value. Extensive testing using 
different values for Cl were begun. Both 
silver mica and disc ceramics capacitors 
were employed using values from 200 pF 
to 610 pF. 

The test results were very interesting. 
With C1 at 200 pF, the fundamental 
offset was reduced from +48 Hz to +17 
Hz and the HF monitor read 25.002 
MHz. The offset continued to drop as 
the value of Cl was increased. With Cl 
at 430 pF the offset was +10 Hz and the 
HF signal read 25.000 MHz. At a value 
of 610 pF the offset was down to +8 Hz 
and the HF signal again read 25.000 
MHz. The bottom line is that Cl can be 
any value from 430 pF to 610 pF and 
should be a silver mica or NPO type. 

These test results produced the correct 
values for Cl that met my initial goal of 
the best accuracy for the calibrator. The 
stability factor is maintained with the 
voltage doubler power supply anda Zener 
diode output. The square wave output 
has an RMS value of 1.8 volts. The output 
can only be measured with a very high- 
impedance meter. I used the HP-410B 


with a diode probe. Even an oscilloscope 
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using a 10X probe will load the output. 

I’m certainly not an expert with crystal 
technology and cannot explain the reason 
for the massive increase in the value of 
Cl. Ray Osterwald (NODMS) offered 
the following possible explanation in an 
email: 

“This is definitely a series-mode 
oscillator. They were originally designed 
for crystals whose series-mode resistance 
was too high for a basic series-mode 
oscillator where the crystal was in series 
between a parallel tank circuit on a 
collector's output and the base of the 
same transistor, thereby locking the 
oscillator to the crystal. This design is 
supposed to be noted for high stability. 
Probably the crystal you had in stock was 
designed for a parallel-mode oscillator, 
that’s why it needed more capacitance.” 

Fabrication 

The power supply and multi-vibrator 
are mounted on a piece of Radio Shack 
PC board (figures 4 and 5). The layout 
isn’t critical. The board dimensions are 4 
by 1.5 inches. The handful of resistors is 
made up from 1/8 and 1/4-watt parts 
and the two critical capacitors are silver 
mica types. 

Installation 

The installation of the crystal calibrator 
was a prime example of putting the cart 
before the horse. The receiver was not 
taken out of its case until the calibrator 
was fabricated and tested. There was no 
consideration given to where or how it 
was to be mounted. The only thing I 
knew was that switch S4 was going to 
control the calibrator’s on-and-off power. 

Mounting the calibrator on top of the 
chassis wasn’t my first choice. Knowing 
the sensitivity of solid state components, 
I didn’t want to expose the board to heat 
generated by the tubes. The 4" board | 


length was too long for upright mounting 
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Figure 4: All components are mounted to a PC board measuring 1.5" x 4". Holes were 


drilled in the corners for mounting. 


under the chassis. As shown in figure 5, 
the board was horizontally mounted to 
an internal shield using an existing hole 
in the shield. 

This radio has what I call a “floating” 
front panel. This is a good design feature 
but if a control has to be replaced the 
panel must be removed to get to the 
holding hardware attaching the control 
to the chassis. 


Using S4 to control the power to the 
crystal calibrator was my intention. After 
removing the receiver from the cabinet | 
discovered more about S4. The switch is 
a SPDT rotary but the unused contact 
has no solder lug for its contact that is 
riveted to the wafer. The switch is also 
buried under the phone jack, but there 
was room for the soldering iron to reach 


the solder lugs. 


Figure 5: The PC board was horizontally mounted to the front metal shield. The 


ground connection is made via the single mounting screw. 
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Figure 6: The noise limiter control was re-labeled with Casio 
black-on-clear tape in a non-destructive way. 


In use, when the control for the noise 
limiter on the front panel (Figure 6) is in 
the “ON” position, it coincides with S4 
being open. This removes the short 
around the limiter tube. That would be 
directly opposite for powering my project. 
This was easily solved by using the contact 
that didn’t have a solder lug. The 
connecting wire was simply passed 
through the rivet and soldered. Now the 
front panel “ON” and “OFF” labels 
matched the needs for the calibrator. 

The switch didn’t have to be removed, 
meaning no removal of the front panel. 
The wires connected to the switch were 
disconnected from the switch and 
reconnected to maintain the electrical 
bypass around the 6H6 noise limiter diode 
tube. 

The board’s ground connection was 
made via the mounting screw to the 
internal shield. Two other wires (6 VAC 
and output) were needed from the board. 
The first wire routed to S4’s wiper solder 
lug. The second wire routed to the 
antenna connector and soldered to the 
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center connection of the antenna jack. 
The calibrator signal is very strong and 
will be heard throughout the HF range to 
30 MHz and probably beyond. It's a 
great addition to my HQ-129X and can 
easily be adapted to other vintage radios. 


References: 

1. Raymond Moore, Communication 
Receivers, 1991 

2. Tom Marcellino, The Hammarlund 


HQ-129X Receiver, ER #290, July 2013 
3. Tom Marcellino, Hammarlund HO- 
129X Modifications, ER #317, October 
DOS 
4. Hammarlund Mfg. Company, HQ- 
129X Communications Receiver Manual 


5. Doug DeMaw, QRP_ Notebook, 
1986 
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The Swan 600R Receiver Revisited 


By Jeff Covelli, WA8SAJ 
5368 Melody Lane 
Willoughby, OH 44094 


wa8saj@gmail.com 


Overview 

I wrote about the Swan 600-series 
receiver and transmitter in Electric Radio 
#331, December 2016. After that 
appeared, and all of a sudden, I was 
seeing Swan gear show up all over. I had 
a chance to pick up another two 600R 
receivers and one G00T transmitter. One 
complete set was reconditioned for a ham 
who wanted to use it on AM like I do — 
and it works great. With the newly 
acquired second receiver (Figure 1), I 
wanted to see if I could install a DDS 
VFO for general coverage. Having the 
extra receiver meant I could experiment 
and not mess up my working 600-series 
setup. 
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Figure 1: The Swan 600 Station at WA8SAJ 


Figures 2 and 3 

Having seen many DDS VFOs for 
sale, I decided to go ahead and purchase 
the N3ZI Universal Digital VFO-1000 
from Electronic Specialty Products 
(www.electronicspecialtyproducts.com) 
that is a complete plug-and-play unit 
adaptable into most radios. It offers plenty 
of RE drive (1 to 2 volts P-P) for radios 
that have been manufactured from the 
very early models back in 1940s to later 
solid-state later models such as the Drake 
TR-7, etc. I have been using these VFOs 
for many of the radios shown in their ad 
in Electric Radio and they always work 
great. 

The Swan radios use a single conversion 
system, so adding the DDS VFO was a 
snap. Along with acquiring the receiver, 
I also received an optional Swan 510X 
VFO/Crystal switch, enabling me to just 
modify the 510X to accept the digital 


EXE. MUTE 


MODEL COCR RECEIVER 
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Figure 2, Right 


VFO. The 510X plugs 
into the back of the 
6OOR receiver and this 
allows me to use it to 
switch between either 
the internal analog 


VFO or the digital 
VEO. I had to wire the 


first crystal socket in 
the 510X box and tie it 


VFO 1000 


directly to the function switch, qulblae 
the digital VFO to be active as seen in 
figure 4. 

The 510X has a very large cable that 
plugs into the receiver’s back panel, so 
now all the switching is done on the front 
panel. The only part of the 510X used is 
the right-hand function switch. Having 
the convenient connecting cable going 
into the back of the receiver for the VFO 
input, and all the needed jumpers, made 
the receiver work. I could have modified 
the 600R receiver jack and installed a 
switch on the back panel, and an internal 
relay to replace the jumpers required for 


the DDS VFO, but this would have been 


Figure 3 


too much work for this project. The 


510X works so great. I used an older HC- 
6 crystal with a 50-ohm, RG-174 coaxial 
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connecting cable from the digital VFO. 
These old HC-6 crystals enable you to 
unsolder the crystal cover and install the 
coax cable, making for a neat installation 
(Figure 4). 
Figures 5 and 6 

During reconditioning of the 6G0OR, I 
removed the preselector dial plate to clean 
it and saw that Swan also had calibrations 
for ham or general coverage on the rear; 
this enables a person to turn the dial plate 
over if they wanted to use the optional 
general coverage Swan VFO Model 330. 
It is very rare and hard to find, maybe 50 
were manufactured in total. All of the 
ham bands and all the SWL bands are 
printed on the dial plate for frequencies 


that the Model 330 VFO covered (3 to 


eee 
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30 MHz); this lets you know where to set 
the band switch on the front panel of the 
new digital VFO to match the correct 
preselector range. 

DDS VFO 

The DDS VFO provides up to 30 
memories and the bands can be preset in 
1 MHz steps. You can also preset any of 
the band memories for quick QSY’ing to 
net frequencies. I’ve used the memories 
to hold some net frequencies and it is 
kind of like the modern rigs, but still has 
the Swan sound and makes moving up 
and down the bands quick. 

Swan uses normal and opposite 
sideband for their sideband selection 
method, so the injection frequency from 
the new VEO has to match the proper 
sideband for the HF band in use. 

I made up a chart (Figure 7) from 3 
MHz to 30 MHz, in 1 MHzsteps, using 
lower sideband (LSB) from 3 to 10 MHz 
and then USB for the rest of the 
frequencies from 10 MHz to 30 MHz. 
This corresponds to the band switch and 
the default setting for sideband. I also did 
the 27 MHz CB band for LSB with the 
USB injection frequency and recalibrated 
for LSB with a 3 kHz offset. 

LSB for is the default SSB mode use by 
most CB folks. This default setting dates 
back to the early 1960s when EF Johnson 
came out with the very first solid- 
state Model 350 SSB two channel radio 
(no AM). From the factory, it was set on 
CH-16 and LSB, so folks got used to not 
having to change the switch since LSB 
sounded the same as USB. 

The VFO-1000 DDS VFO comes with 
a wall wart to power the unit and includes 
a nice manual so, if you want, many of 
the functions, modes, the number of 


Figure 5, Left-Top: Regular Bands 
Figure 6 Left-Bottom: General Coverage 
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Band | Injected 
# MHz Frequenc 


Memory Band 
# MHz Frequenc 
| 16-USB | 18-19 | 


1-LSB 8.5 - 9.5 
2-LSB 


4-LSB 


_ 13 -USB 
| 14-USB | 16-17 
| 15-USB | 17-18 


9.5-10.5 | 17-USB | 19-20 | 135-145 | 
3-LSB | 5-6 | 105-115 | 18-USB | 20-21 | 14.5-15.5 | 
| 15.5 - 16.5 | 


11.5 - 12.5 | 
—5-LSB [| 7-8 | 12.5-13.5 | 20-USB | 22-23 | 16.5-17.5 
8-9 | 13.5-14.5 | 21-USB | 23-24 | 17.5- 18.5 
| 18.5 - 19.5 | 


11.5-42.5 | 300pen |. i 


Injected 


Figure 7: New Frequency Chart for the 600R Receiver 


memories, and readout calibration to 10 
Hz can all be changed. 100 Hz can be 
selected (as I did) so the display does not 
blink all the time. 

The tuning rate for the DDS VFO- 
1000 is 10 Hz, 100 Hz, 1 kHz, and 5 
kHz. 

There is a control inside of it for output 
drive and display lighting contrast, which 
is white lettering on a blue background. 

The packaging of the VFO that ESP 
does is very nice. Ron at ESP makes up a 
driver board so it has a buffer for most 
radios. 

The DDS VFO also can be used for the 
Drake 4-Line, Collins S-line and KWM- 
2, along with other radios. I put one on 
my Drake TR-7 and it works great, it has 
no more drift and I now have memories. 

More Additions 

I also added a digital readout, ESP 
DD-1032. This allows me to have an 
easier time seeing where I am when 
switching between both VFOs. The DD- 
103 readout is a stand-alone digital 
display that can be added to most any 
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Figure 8 


radio with direct connections, or with 
the loose coupling that ESP will provide 
for many of the older radios. The Swan 
600R was easy because it had a 12 volt 
DC supply to run the DD-103 and the 
connection was simple — direct to the 
VFO output direct from the internal 
analog VFO or the DDS VFO. The 
programming is built into the DD-103 
for the Swan gear, as it is for most of the 
older radios that 
manufactured. 

I added a wider crystal filter (Figure 
8), which is the hardest item to find these 
days because Swan did not make many 
available for this receiver. Only about 
450 of the GOOR receivers where made 


and many did not have the optional 6- 
August 2018 


known were 


“Center Freq 5.5020 MHz 


=RBW 1.000 kHz 


kHz wide filter. 

I did, however, acquire a Siltronix 
(Swan) Model 1011 transceiver filter that 
turned out to be almost 5 kHz wide and 
this worked out perfectly. The Siltronix 
filter is rated at 4-kHz wide at 6-dB down 
and is a 6 pole filter, so the selectivity 
skirts are not as steep as the normal 2.7- 
kHz, 8-pole filter that Swan was known 
for. I’m sure the Siltronix filter intended 
for 10 and 11 meter operation that the 
Siltronix 1011 was used for; it did operate 
AM and SSB very well and the cost was 
lower. There are plenty of the 1011 radios 
around to grab a crystal filter out of for 
those looking to widen their Swan radio. 

In figure 10, I took aparta 2.7 standard 
SSB filter and was able to get it to work, 
but it did not have very good filter skirts. 
I had to jumper around some of the 
crystals inside to get any kind of 


bandwidth. 
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Figure 10: Inside the Filter Case 


As seen in the introductory figure 1 
photo, I have had fun using the Swan 
600Rasastand-alone SWL receiver along 
with many of the others I have on the 
SWL table. It is nice to have the memories 
handy for all of the stations I like to listen 
to with the Swan audio coming out of the 
speaker. I thought this article might 
inspire some of you to maybe update 
your older tube gear and have some fun 


ER 
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doing so. 


A 175 Watt Screen-Modulated Transmitter 
Part 2 


By Phil Legate, ACWOB 
ARE@Reagan.com 


[Editor’s Note: Last month in part 1 
the article concluded with the 813’s 
output network. This month, part 2 starts 
with detailed drawings for the power 
supplies. Due to the number of schematics 
this month the text discussion won't 
directly follow the page the drawings are 
on. I tried to present the drawings large 
enough to be fairly easy to read.] 


Figure 9 is the outboard low voltage 
and bias power supply constructed on a 
hx8x2'*chassts-/T he voltages*are 
transferred to the main chassis with 9- 
pin Molex connectors. The reason for an 
outboard supply was twofold: 

1) I had plans to use this on other 
projects; 

2) the main chassis space is a bit 
crowded. The AC selector switch allows 
AC power to activate the power supply 
from either the front panel of the main 
chassis or the power cord connected to 
the LV/bias chassis. 

T4 is a power transformer from a re- 
purposed Knight R-100A receiver. 

Figures 10 and 11 are the low voltage 
and bias regulators. When experimenting 
with voltage dividers to set various 
voltages, it is a real pain to chase voltages 
that change when substituting voltage 
divider components, so the decision was 
made to incorporate voltage regulators. 
The regulator components can be 
mounted on a 2x2" vector board. A 


12 Electric Radio #351 


regulator board PCB can be purchased 
from Jdhall@zoominternet.net. 

The pass transistors are mounted on 
the main chassis for heat sinking. 

By simply changing the value of one of 
the zeners, various regulated voltages can 
be had. 

Figure 12 is the HV B+ power supply, 
a full-wave voltage doubler. T1S2 also 
supplies 6.3 VAC to the modulator tube’s 
filament, so when the HV switch is 
thrown, the HV B+ comes up and the 
modulator filament is lit. When the 
modulator filament is lit, it’s play time! 

Figure 13 is the filtered modulator 
supply and the HV B+ metering circuit. 
Again, a simple, inexpensive, 10 k/volt 
VOM is used to monitor the B+. 

Figure 14 is the relay control circuit. 
As stated earlier, RLY1 also controls bias 
to the final’s control grid while RLY2 
controls bias to the modulator’s control 
grid. 

Bias, LV, and control voltages are 
developed as soon as the main power 
switch is thrown. 

After the HV switch is thrown, and 
upon key-down, there is no delay in 
either audio or RF “coming up” to full 
levels. 

If digital multimeters (DMM) are 
preferred for monitoring various voltages, 
a filtered and regulated +9V supply is 
made available. 

Figure 15 is the power distribution 
system. As mentioned above, bias, LV, 
and control voltages are developed as 
soon as the main power switch is thrown. 
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T3 is an AnTek AS-1209 toroid 
transformer with an extra 48 turns of 
#12 wiring for the final’s filament. Rather 
than trying to find space for another 
transformer on the main chassis, why not 
add another secondary to T3? See the 
schematic in figure 7 (part 1) for the 
circuit details. 

Construction Notes 

Figure 16 show the constructed 
prototype rear view. The 813 is on the 
left with the fan, the 572B is on the right, 
and the EDCOR power transformer is 
near top. 

At top left are the bandswitch, Pi-Net 
coil, and tuning capacitors mounted on 
the front panel. 

Since this picture was taken the RF 
choke has been changed to a Hammond 


Also seen at bottom center of figure 16 
is the 9-pin Molex connector for the 
outboard LV/Bias supply connection. 

Figure 17 is a close-up view of the 
AnTek AS-1209 transformer modified 
with the addition of the center-tapped 
813 filament supply. 

I mounted all fuses on the front panel 
(not shown) to aid in replacement if 
necessary. 

In order to insure chassis-to-front panel 
grounding, 0.250 solder braid was used. 

The chassis proper is constructed of 
17x15x6-inch, 0.064 thick aluminum. 
The front panel is 0.1 25-thick aluminum, 
19x19 inches. 

Conclusion and Future Plans 

Below are the operational readings — 
(with 120-VAC input) into a 50 ohm 


90 wH linear air-wound choke non-reactive load: 
(RFG1521): IFce'= Dum? 
ome iad <= =. Components with ™ are on Circuit Board 
= : 
eae 0.2V 
From Connector 350V* : y 2u 1 DZ & 12V 1W B + Out ~305V* 
ae a we iy eae Ey a nok 10 1/2W Carbon Film 
G : b 310V 
Shorting Wire 
Rg 47 1/4W 
@ R2** 
45k 1W_ 
Rk a 
DZ3 24V ® Ox** 
5W DZ2** '/\ 100V | 
R1 = ground strap 1 2mA 
pz1** 7\ 190V 
nd Z 


Figure 10: The Low-Voltage FET Regulator 
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VFgb = - 78V* 

Visg. = 220V* 

VMp = 1780V* 
Vaudio-input-to-CF-modulator stage 
= 3/5V Por 


© VEp = 2590, 2130* 


Pout = 195 watts carrier, butloadingit currents. 


to 175 watts keep the chassis heating 
to a minimum and prolongs tube life. 
e F is Final 

¢ M is Modulator 

¢ * is Key-Down Reading 

¢ V is Voltage I had originally planned 
e | is Current 

¢ P is Plate 

¢ K is Cathode 

¢ CG is Control Grid 

¢ CGB is Control Grid Bias 


° SG is Screen Grid stay tuned! 
ne Chassis HS | 
S | Components Marked with ** are on Circuit Board 
ie 
a ek 
- 265V B-In :D = = s DZ3** at B - Out 
; a a : - 208V 
a Ll 40 1ewer 
aie 4 ahs ey A oN 
"| Shorting Wire a42V 
cp Rg 
R2** 47 1/4W 
al Wee - 210V c1f_fc2 
18k 1/2W 
<x  28V 10 uF 450V | | .005 500V 
DZ1™ \ 7 cx* 
" .01 | 
DZ2** \/ 180V 
R1 = ground strap | 


Figure 11: Bias Regulator for the 813 Amplifier 
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¢ IFpk = 170 mA* (I am sampling the 
cathode current via the center-tapped 
filament transformer). This number 
reflects the subtracted grid and screen 


Audio is punchy with a presence rise 
and modulation will easily go beyond 
100%, as measured by an R.E.A. 
modulation monitoring system, 

http://www.radioassociates.com/ . 


incorporating a second 813 stage to 
increase power, but have since decided 
on using a single 4-400 with power 
transformer and power supply changes 
for the higher currents and voltages — so 


D1-D5 HV 2590, 2,130V* 255 mA | 


EDCOR XPWR 263 47k 7W 
F4 TIP 14181 | 1750v 
7.5A FB a R6 
eee 47k 7W 
120VAC 1 


300 uF 450V 


10 3W 


T182 300 uF 450V 
_Yel. ul, 
- rC7 
Yel. _ [0.005 300 uF 450V 
F2 . 
6.3VAC 6A to Modulator 


300 uF 450V 


Figure 12: The Full-Wave, Voltage-Doubling HV B+ Power Supply 


HV 2,130V* 
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eH uF 5kV 
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820k 2W 
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0.67 MA@2200V | 
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3.9k 1/2W 


~=.6uF/1 mA 
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Figure 13: The Filtered Modulator Supply and the HV B+ Metering Circuit 
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C6 
Contacts Shown in “KeyUp” Position | . 005 
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305V from LV Regulator 
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oe, Bias 
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410 uF 450 005 500V i To Grid Circuit of RF Final 
- 210V 
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Figure 15: The Amplifier’s Power Distribution System 
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Article — The BC-186 


By Joe Long, WA2EJT 
S11 E King St. 
Endwell, NY 13760 


wa2ejt59@stny.rr.com 


It almost always happens that new 
information comes to light after an article 
appears in Electric Radio and the BC-186 
article is no exception, so I put together 
the following updates that I hope that 
readers will find to be as interesting as I 
did. 

A Correction 

Rob Forte’s call sign was given 
incorrectly in my BC-186 article. His 
call is K2ARGM. 

Incorrect Numbering on the BC-186 
_ Tube Socket Pins 

Ludwell Sibley (KB2EVN), vacuum 
tube historian and president of the “Tube 
Collectors Association” (reference 1), 
emailed me with information that 
explains the mis-numbering of the tube 
socket pins that I reported in my June 
2018 Electric Radio #350 article. The 
following is quoted from his note: 

“(In your BC-186 article] you mention 
a problem with the numbering of pins on 
the tube sockets. Those numbers may 
not be ‘wrong,’ just ‘out-of-date’ when 
the set was made. The deal is that GE and 
later RCA had a practice of always 
numbering the filament / heater pins as 
Nos. 3 and 4, whether the socket had 4, 


5, 6, or 7 connections. That sounds crazy, 
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but their factory drawings of tubes show 
that. Way, plnetpginmt 2 the Radio 
Manufacturers Association (the future 
EIA) issued a standard that gave pin 
numbering the way that we all grew up 
with. RCA more or less grumpily (per the 
wording on the drawings) adopted the 
new scheme. ... 

“Western Electric got swept up in the 
same change. It had made a 141A socket 
(five pins), with the numbers molded 
into the Bakelite, then reissued it as the 
141B with the new plan. Likewise with 
the 142A and 142B (four pins) and 144A 
and 144B (six pins). ... 

“T t-h-i-n-k I can see the old plan in 
your article: Fig. 9 is printed quite clearly, 
and it looks as if, on the lower left-hand 
socket, the big pins are labeled 3 and 4.” 

Lud is correct on the pin numbering in 
my photograph. I blew it up and it shows 
clearly that pins 3 and 4 are the large 
filament pins. The 1933 date is interesting 
and suggests that the BC-186 engineering 
must have been completed before that 
date, because the specification adhered 
to numbering of the tube socket pins 
using the original RCA/GE scheme. It is 
also interesting that my 1942 contract- 
date BC-186 has the sockets numbered 
incorrectly, almost ten years later. It must 
be that the specification for numbering 
on the sockets was never updated. In 
common with many military manuals of 
the time, the pin numbers are not shown 


August 2018 19 


on the TM-11-231 schematic, or shown 
anywhere else in the manual. The correct 
numbering is shown in the 1943 IM- 
310 “Schematics” manual. 
Original SCR-179 On-a-Horse 
Photograph 
Figure | in my original article (scanned 
from the Technical Manual) showed the 
SCR-179 packed on a horse. I ran across 
the original photograph that was used for 
this illustration. I found it on, of all 
places, a Russian web site. (See reference 
2.) How this photograph turned up nearly 
80 years after it was used in the technical 
manual and then ended up where it did 


would make a great story! | 
BC-186 Calibration Charts 

I recently got a BC-186 calibration 
chart from Warren Harding (K1BOX), 
which is only the second chart that I have 
seen. (The first chart came from Bill 
Fizette, W2DGB.) Remarkably, the dial 
readings on these two are identical, 
meaning that these sets were not 
calibrated individually. Instead, it appears 
that a large stamp was used to print all of 
the dial settings at once. This is apparent 
because there is a slight misalignment of 
the dial settings that is the same on both 
calibration charts. I had assumed that the 
receivers were calibrated individually, 
because there is a field provided on the 
calibration chart for entering a receiver 
serial number. If the specification had 
not called for individual calibration there 
would have been no reason for a serial 
number field. Fair enough. But then when 
I discussed these charts with William 
Van Lennep (Van), he told me that his 
calibration chart dial readings were 
different from my two, and further, that 
they had been hand lettered. This shows 


that his receiver had 


Original Figure 1 from ER #350 


—_ = 


— 


The original photo that is discussed in reference 1. 
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been individually 
calibrated. At the 
suggestion of his XYL 
Sue, a calligrapher, 
Van tried a spot of 
India ink (on the 
backside of the chart) 
and found that it 
adhered well, but that 
the ink used on the 
chart was different 
because it could be felt 
on the surface while 
the India ink could 
not. She indicated that 
lettering could have 


been done by using a 
August 2018 


Here is the calibration chart that was sent by Warren Harding (K1BOX). 


fine steel pen-point. (Of the type that 
some of us remember from when we had 
ink wells in our desks in elementary 
school.) 

Warren’s chart is for a 1941 Bunnell 
(S/N 109) set while Van’s is on a 1942 
DuMont, but unfortunately, Bill’s chart 
(S/N 373) is for an unknown receiver. It 
is likely that Warren’s and Bill’s 
calibration charts are both from Bunnell 


receivers and possibly the same order. 


number. With just these three calibration 
charts the only conclusion to be drawn is 
that some sets were hand calibrated and 
that some were not. But it seems clear 
that the initial specification called for 
individual calibration. Beyond that, a 
reasonable guess is that doing away with 
individual calibration of the receivers 
would have saved time and money and 
would have helped to increase production 
rates. Clarifying how successful and 
widespread this approach turned out to 
be would require looking at more (many 
more) calibration charts. 

An unexpected bonus from all of this is 
that anyone with a BC-186 missing its 
calibration chart could, in good 
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conscience, use Warren’s or Bill’s chart. 
It would be interesting to see how well a 
receiver would track (after realignment) 
against those “factory” charts. Please 
email me if you would like a copy of 
either. 
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The Heathkit Model TO-1 Test Oscillator 


By David W. Ishmael, WAGVVL 
2222 Sycamore Avenue 
Tustin CA 92780 


daveishmael@cox.net 


Introduction 

My introduction to Heathkits was 
when I discovered a Heathkit store in 
downtown Santa Barbara, California, in 
1959 while walking home from school. I 
was in 9th grade, not yet a Novice, but 
already interested in “all things radio.” 
My first Heathkit, a CT-1 Capaci- Tester, 
was purchased at that store. I have been 
qa “fan” of Heathkits ever since, 
concentrating on mostly amateur radio 
and test equipment kits. 

Several years ago while “trolling” eBay 
auctions for Heathkits, I discovered the 
Model TO-1 Test Oscillator. I don’t 
think I had known about this kit prior to 


that , discoveryoi, Chuckie. enson 
(WA7ZZE), in his book Heathkit Test 


Equipment Products, indicates that the 
TO-1 was available from 1958 to 1960. 
It wasn’t in the Heathkit 1958 catalog, 
but it was listed for $21.95 in the 1959 
catalog (Figure 1). By the 1960 catalog, 
it had been reduced to $16.95, and by 
the fall and winter of 1961-1962, it was 
gone! The original TO-1 manual (P/N 
595-211) that I have has a 1958 copyright 
and is dated 10/20/61, which suggests 
shipments into late 1961 and early 1962. 

The TO-1’s “mission” is the alignment 
of AM broadcast receivers. The RF 
portion of the TO-1 has seven switched- 
frequency positions: two for external- 
type FT-243 crystals and five for fixed- 
tuned frequencies (262, 455, 465, 600, 
and 1400 kHz). One half of a 12AU7 
functions as ashunt-fed Colpitts oscillator 
when used with the fixed-tuned 
frequencies and a Pierce oscillator when 
used with external crystals. Heathkit 
suggests that the external crystals be 


HEATHKIT TO-1 


$915 


TEST OSCILLATOR KIT 


Five fixed-tuned frequencies of 262 kc, 455 ke, 465 ke, 600 kc and 
1400 ke provides instant selection of the proper frequency for RF 
and IF alignment of superheterodyne broadcast receivers. Two 
switch-selected crystal sockets are also provided. RF output may 
be either unmodulated or modulated, or the audio may be used 
separately. Output level is adjusted by a continuously variable 
control. A real time saver. Shpg. Wt. 4 Ibs. 


Figure 1: A Scan from the 1959 Heath Catalog 
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HEATHKIT TO-1 
$16.95 


HEATHKIT SG-8 
$19.50 


TEST OSCILLATOR KIT (TO-1) 

Accurate and dependable, the TO-1 provides the test 
frequencies most often used by servicemen in the repair 
and alignment of all modern types of superheterodyne 
broadcast receivers. Instant selection of 262 kc, 455 ke, 
465 ke, 600 ke and 1400 ke. Use RF modulated or un- 
modulated; 400 cycle audio available separately. 4 lbs. 


. MATCHLESS ECONOMY 


HEATHKIT C-3 
$19.50 


HEATHKIT T- 
$19.95 


RF SIGNAL GENERATOR KIT (SG-8) 


Filling the requirements for a service generator at mod- 
erate cost, the SG-8 provides extended frequency cover- 
age in five bands from 160 kc to 110 mc on fundamentals 
and up to 220 me on calibrated harmonics. Internal 
400 cps signal. Variable RF output to over 100,000 uv. 
Prewound and precalibrated coils. 8 lbs. 


Figure 2: By 1960, the TO-1 had been price-reduced to $16.95. 


greater than 1.5 MHz for 
reliable operation. The 
specified input capacity for the 
external crystal is 32upfd. The 
second half of the 12AU7 
functions as a 400 Hz audio 
oscillator. The “Function” 
switch controls the output 
signals available at the front 
panel-mounted Amphenol 
connector: 

e “AF” = 400 Hz audio, 

e “MOD RF” = modulated 
RF output at the selected 
frequencies at approximately 
30% modulation, 

SRE 22 the ‘selected 
frequency, either crystal or 
fixed. 

The power supply is 
transformer-isolated and half- 
wave rectified, supplying 123 
VDC tothe 12AU7 oscillators. 
The power consumption is 
specified at a very low 10 watts, 
which means minimal internal 
heating and temperature rise. 
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The TO-1’s circuitry is 
extremely simple (Figure 
5), and the point-to-point 
wiring is very straight- 
forward. The five fixed- 
tuned coils are premounted 
on the frequency selector 
switch assembly and have 
been preadjusted. The five 
critical capacitors used in 
the Colpitts oscillator are 
silver micas and are also pre- 
mounted on the frequency 
selector-switch assembly. 
These five part numbers are 
not indicated on the parts 
list printed on page 27 of 
the assembly manual. The 
output of the five fixed- 
tuned frequencies 1s 
specified at 0.5%. The RF 
output is specified at more 
than’ 0.1 volts RMS, 
maximum, and the 400 Hz 
audio output is specified at 


least 10 volts RMS output. 

The TO-1 is very handy, measuring 7- 
3/8"H x 4-3/4"W x 4-3/8"D and 
weighing a mere 2-% pounds. 

Restoration 

After I “discovered” the TO-1 on eBay, 
I thought this might be the perfect piece 
of equipment to quickly check my FT- 
243 crystals and I started looking for 
one. I wouldn’t classify the TO-1 as 
“rare” but they are uncommon. The 
original manual is rare! As you might 
expect, prices and conditions are “all 
over the map.” I have seen very nice TO- 
ls approaching $175, which includes 
shipping. I clearly wasn’t interested in 
paying that much for a TO-1. Many 
would require a complete restoration, 
including painting the cabinet, and I 
wasn't interested in doing that either! 
After two years I found one in pretty 
much pristine condition, including the 
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Figure 4: Top-Chassis View Showing the Coil Assembly 


original manual, for an “ affordable price.” 
It was also listed by an eBay seller I was 
familiar with, and came from the estate 
of the original builder. 

As received, my TO-1 was well 
packaged, and survived shipping and 
handling. The previous owner had 
removed the power cord and installed a 
2-wire male receptacle in its place. Since 
the modification was very nicely done 
and the mating 2-wire female connector 
and power cord were supplied, I left it 
that way. As received, the SPST switch 
on the 5k “Output” potentiometer was 
defective (open), and it was replaced with 
a 10k pot with a SPST switch, that I had 


on hand. 


’ 


Figure 5, Right: Due to its extreme rarity, 
the entire schematic is shown here. 
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After the defective switch and 
potentiometer was replaced, I slowly 
powered up the TO-1 using a Variac 
while monitoring the “123 volt’ DG 
line. I could tell that the dual-20 pfd 
filter caps were reforming. After several 
hours on the bench, the 60 Hz ripple 
voltage measured 50 mV P-P and the 
voltage measured 130 VDC at 115 VAC 
line. The power consumption was 6 watts 
at 115 VAC line. Based on this 
performance, I decided not to recap the 
unit or replace the selenium rectifier. 
The date codes in the TO-1 are 6104 and 
143, so this one, along with the original 
manual dated 10/20/61, appears to be a 
very late version, well toward the end of 
its availability. 

The 12AU7 was original, made in Japan 
for Daystrom Nichimen. The tube’s silk 
screen was intact and could not be rubbed 
off when the tube was cleaned, implying 
(to me) that this unit had low operating 
hours. 

I cleaned the frequency switch contacts, 
both front and rear, with DeoxIT D5. I 
replaced the Amphenol connector with a 
BNC. I rubbed out the front panel with 
several coats of Meguiar’s Car Cleaner/ 
Wax. I washed the cabinet in warm soapy 
water. After drying, I applied a coat of 
Meguiar’s Supreme Shine Hi-Gloss 
Protectant to bring out the gray wrinkle. 
New 6-32 x 4” hardware was used to 
install the cabinet. 

Results 

So, how did it work? The output of the 
five fixed-tuned frequencies is specified 
at +0.5%. Initially, at power-on, the 
accuracies of those frequencies ranged 
from -0.139% to +0.079% and averaged 
0.056%. Not bad for an instrument that’s 
57 years old!! The actual output voltages 
measured 0.72V P-P at 262 kHz, 
decreasing to 0.40V P-P at 1400 kHz, 
and all near-sinusoidal. 


Heathkit says that the TO-1, like signal 
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generators, is not a frequency standard 
and as a result, “...the TO-1 should be 
turned on when the shop is opened in the 
morning, so it will be warmed up and 
ready to go at a moment's notice.” 
Since 455 kHz is a standard IF 
frequency for AM broadcast receivers (as 
well as my Hammarlund HQ-100AQ), I 
decided that my initial temperature-rise 
measurements should be done at this 
frequency. A Variac controlled the line 
voltage at precisely 115 VAC throughout 
the test, adjusting it as required (see 
below). The worst-case drift occurred 
approximately 60 minutes after a cold 
start, the output frequency changing +87 
Hz, or +0.019%. However, after the first 
15 minutes, the TO-1 only drifted 11 Hz 
during the next three hours. After an 
hour’s warm-up, the TO-1 only drifted 7 
Hz the next two hours. | 
This is really spectacular performance 
for this type of design! For comparison, 
my Paco G-30 RF signal generator drifted 
290 Hz the first hour when set to 500 
kHz and 400 Hz the second hour! 
Heathkit didn’t specify frequency 
stability vs. AC line-voltage changes, but 
I measured it anyway. After 3 hours warm- 
up at 455 kHz, at 115 VAC line voltage, 
I adjusted the Variac from 105 VAC to 
125 VAC in 5-VAC increments and let 
the TO-1 stabilize for a minute at each 
voltage. The output frequency changed 
from 454.463 kHz at 105 VAC to 
454.711 kHz at 125 VAC line. That's a 
total change of 248 Hz, or 12.4 Hz for 
every 1 VAC change of line voltage. After 
the TO-1 warms up its sensitivity to AC 
line voltage changes predominates. 
Fortunately, I kept the line voltage at 
precisely 115 VAC throughout the tests, 
and it was during the early morning hours 
before my neighbor’s A/C units started 
to get turned on, so line changes were 
minimal. Remember, as Heathkit pointed 
out above, the TO-1 isn’t a frequency 
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Heathkit Model TO-1 Test Oscillator 
_ Warm-Up Characteristics 
Fixed-Tuned Output Frequencies 
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Figure 6: Graphical Results of the Final Warm-Up Characteristics 


standard, and one needs to keep that 248 
Hz in perspective as it only represents a 
maximum change of +0.055% from 105 
VAC to 125 VAC - a range that a user 
will never experience! That 12.4 Hz for 
every 1 VAC change is only +0.0027%, 
and it’s basically “in the noise” when 
referred to a specified accuracy spec. of 
+0.5%. 

After three hours of warm-up and after 
the 455 kHz test was terminated, | 
checked the accuracy of the five fixed- 
tuned frequencies. Their accuracy ranged 
from -0.089% to +0.100% and averaged 
0.059%. 
~ I assumed that since the L/C ratio of 
the 465 kHz components were similar to 
those of the 455 kHz components, that 
the temperature rise of the 465 kHz 
output would be similar to that of the 
455 kHz output. I wasn’t disappointed! 
After a 2 hour test, the worst-case drift 
occurred approximately 105 minutes after 
a cold start, the output frequency 
changing +88 Hz, or +0.019%. 
Graphically, the two test results are near- 
identical (See figure 6). 

The last three fixed frequencies, 262, 
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600, and 1400 kHz, were tested for warm- 
up drift for 2 hours each: 

e 262 kHz: worst-case was 302 Hz or 
0.115% after 120 minutes. 

¢600 kHz: Now this was truly 
spectacular! Worst-case was 40 Hz or 
0.0066% after 15 minutes. 

¢ 1400 kHz: Worst-case was 447 Hz 
or 0.032% after 120 minutes. 

Finally, using my worst-case 
temperature coefficient 7125 kHz JAN 
FT-243 crystal, I tested the T'O-1 in its 
crystal mode. The crystal’s measured drift 
the first hour after a cold start was —68 
Hz. This was actually pretty good for this 
particular crystal. By comparison, 
W3BYM’s “The Golden Rock” (see 
reference 2 below) 7130 kHz JAN FI- 
243 crystal only drifted -17 Hz the first 
hour from a cold start (and only +1 Hz 
the first 10 minutes!!). The crystal 
oscillator was not sensitive to AC line 
voltage changes. In addition, a 10 MHz 
PR Type Z-1 FT-243 crystal oscillated 
just fine, so the TO-1 should work OK 
for any FT-243 crystal I’m interested in. 

The AF output measured 329 Hz and 
the maximum output was a near- 
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sinusoidal 16V P-P. 

These tests should put the 
TO-1’s_ performance in 
perspective. I have no idea 
whether or not these test results 
are “typical” and I have no 
explanation for the relatively 
spectacular temperature-rise 
performance of the 455, 465, 
and 600 kHz ranges. The five 
fixed-tuned coils are pi-wound 
on phenolic coil forms and the 
five critical capacitors are your 
typical-looking, off-the-shelf 
Cornell Dubilier Type CD 
miniature dipped-silver mica 
capacitors. If I were a “betting 
man,” I’d say that I’m very lucky 
to have run across this particular 
Heathkit TO-1. 

So, in conclusion, after two 
years of looking for one, I have 
added the Heathkit TO-1 to 
my “collection.” Overall, I am generally 
pleased with its performance. The five 
fixed-tuned output frequencies easily met 
Heathkit’s 0.5% accuracy specification, 
which included its temperature-rise 
during warm-up and any changes due to 
variations in the AC line voltage. Time 
will tell if it’s as useful as I hope it will be. 
I have scanned the original manual (a 13 
Mb file) and schematic for those readers 
that are interested. I would be also 
interested in hearing from ER readers 


regarding their TO-1. 


Notes and References: 

1. Chuck Penson, WA7ZZE, Heathkit 
Test Equipment Products, Copyright 2014, 
page 21-07. Chuck indicates that the TO-1 
was discontinued in early 1960 and not 
replaced. 

2. David W. Ishmael, WAGVVL, Mysteries 


of the Rock Continues: FT-243 Frequency 
Drift vs. Crystal Current, Electric Radio, 


Issué #3134) Jun. “15; Spages’ 30735: 
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Figure 7: Rear view showing the optional regulator 
mod — see reference 4 below. 


Performance data on the two JAN 7125 and 
7130 kHz FT-243 crystals used to measure 
the temperature rise of the Heathkit TO-1. 

3. When I say “from a cold start,” that 
means the first measurement was taken 1 
minute after power was turned on. 

4, As a result of this unit’s spectacular 
temperature stability, and even though the 
TO-1 easily met Heathkit’s +0.5% accuracy 
specification, I was not satisfied with the 
TO-1’s frequency stability vs.. AC line-— 
voltage changes. Although I frequently use a 
Variac on the bench, I didn’t want to depend 
on this “crutch” while using the TO-1. Asa 
result, I designed a small HV regulator printed 
circuit board using a Supertex Inc. LR8N3-G 
TO-92 HV regulator IC along with an On- 
Semi TO-220 TIP50 NPN transistor. This 
was a relatively simple mod and significantly 
improved the TO-1’s frequency stability vs. 
AC line voltage changes by almost 66%. If 
interested, send me an email and I will send 
you the info. 


Eft 
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The Heathkit IP-32 High Voltage Power Supply - 
Yes, It Works! | 


By Charles Hallock, AA3WS 
selbynet@hotmail.com 


“REF Can’t Read” 

The Thermionic Wizard made his 
annual voyage to the Berryville, Virginia 
Hamfest. Among the many treasures at 
the event, the Wizard spots a Heathkit 
IP-32 regulated power supply smiling at 
him, begging for a new owner. So, being 
the poor humble thrifty Wizard, I ask the 
seller how much does he want for the 
power supply? 

The seller responds” $20.” 

To myself I say: “Oh My, Mercy.”; 

I ask the seller: “Does it work?” 

The seller responds “Yes.” 

I picked up the power supply and noted 
it is heavy, meaning the transformers are 
in the unit, and the unit does not rattle. 
I pulled out a twenty and bought the 


power supply. OK, I know what you are 
thinking, Ronald Regan said: “Trust but 
verify.” 

You say: “Yea right, it works.” 

But, for $20.00, I can power my BC- 
221 heterodyne frequency meter and 
continue to use my other IP-32 to power 
my TS-323 heterodyne frequency meter 
at the same time on different ends of the 
barn’. This is a match made in Heaven! 
I walked off with the below power supply 
in a thermionic glee. 

Now, to be fair, the power supply 
worked somewhat. The Wizard, as usual, 
ignored conventional wisdom and 
plugged the IP-32 into his Variac and ran 
the voltage up slowly watching my AC 
volt and amp meters. Oh dread, no 
current draw, no light and no power out 
of the 6.3 volt AC, the C-, or the B+ volt 
DC jacks. What’s a Wizard to do? Check 
the fuse, stupid! (I told myself.) 
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Figure 1: This is the as-received IP-32 power supply. 
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Hot dang! There is a % amp blown 
fuse. Being the Thermonic Wizard I am, 
I knew the Heathkit IP-32 had a much 
higher amperage fuse. | went to my 
extensive library of Heathkit manuals 
and noted the proper fuse value for an 
IP-32 is three amperes. Consequently, I 
put in the proper fuse and powered up 
the power supply. Throw the Wizard a 
fish, the power light comes on! Not so 
fast Batman. The high voltage meters 
showed no movement. I take out my old 
reliably Realistic analog swing meter and 
measure the outputs from the terminals. 
The only output was from the 6.3 VAC 
terminals. I now relent; turn off, unplug, 
and remove the cover of the IP-32. Holy 
Cow! No tubes! 

Before I move on the restoration of this 
fine piece of vacuum tube technology, it 
is time to meet convention in the face 
and describe the technical attributes of 
the IP-32 power supply. However, as 
your “All Knowing, Amazing and 
Wonderful Thermonic Wizard,” I am 
unable to compete with the literary skills 
demonstrated by David Ishmael in his 


really fine Electric Radio articles on the 
Heathkit IP-32 power supply’. 
Consequently, I urge you to read his IP- 
32 descriptions. 

Now the Wizard proceeds down the 
“Yellow Brick Road”.® After rereading 
the entire power supply manual and a 
detailed inspection of the unit, I found 
three discrepancies: 

1) standby switch knob missing, 

2) vacuum tubes V1 — V6 missing, and 

3) chassis bent. (Damage is consistent 
with dropping the unit.) “Not bad for 
$20.00,” I told myself. 

Off to the Conex I go to grab two 6L6, 
two 0A2, one 6X4, and one 6BH6 
vacuum tubes. Well wouldn’t you know 
it, I did not have a GBH6. I wander back 
to the barn and pulled out my yellowed 
SAMS Tube Substitution Handbook*. 
Reviewing the handbook, I have a 6CB6, 
as a substitute tube. However, there is an 
“*” footnote on the tube substitutions. 
The footnote states: “* Parallel-filament 
circuits.” I see an engineer's finger in the 
pie here. Digging deeper into the tube 
manual® on the GBH6 and 6CB6 tubes 


Figure 2: The IP-32 Chassis Before Restoration 
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Figure 4: The same chassis, shown after restoration. 


reveals the 6BHG draws 150 mA of 
filament current and the GCB6 draws 
300 mA of filament current. But, the all- 
knowing Wizard knows it can’t be that 
easy when dealing with engineers. The 
Wizard then digs into the below 
schematic® for reinforcement. 

The schematic of the power supply 
(Figure 9) describes the filament winding 
going to the 6BH6 tube as “6.3 V. A.C. 
at 150 mA.” The Wizard concludes that 
not even an engineer would design the 
current output of a filament winding 
equaling the filament current. (No squash 
room.) 

Time to light up the electrons on the 
internet. Drat! No specifications can be 
foungemonmathe §, 54-76 Filament 
Transformer.”’ The Wizard then does a 
search on another Heathkit unit that 
uses the 54-76 transformer. Once again 
the Wizard prevails. The EC-1 analog 
computer schematic® states the same 
filament winding on the IP-32 as “6.3 
VAC .3A.” Consequently, the Amazing 
Wizard declares it is safe to use the 6CB6 
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tube as a valid substitute for the 6BH6 
tube. Once again the Wizard solves the 
mystery! 

I know your brains are enhanced from 
the intellectual challenges overcome by 
the Wizard, but, I must move on to 
straightening the chassis and installing 
the tubes. The Wizard used two twelve 
inch wooden screw clamps attached to 
the chassis and twisted the aluminum 
back to its original shape. Yes, I know 
this is not very sexy, but, the method does 
works. Next, the tubes are installed. Please 
look at the photos to see the fine 
restoration results. 

After a gentle power-up of the power 
supply, the unit outputted the proper 
voltages. There was no smoke, but your 
Wizard knows he should check the ripple 
of the high voltage DC output. After 
breaking out the trusty Tektronix 453 
oscilloscope, the ripple is observed to be 
within factory specifications (The Wizard 
uses the output load of 150 VDC at 75 
mA to observed ripple). However, the 
Wizard noted a periodic spiking was 
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Figures 5 through 8, Right: 
Top Right: Ripple Before 
Recapping, 

Second from Top: Chassis Before 
Recapping, 

Second from Bottom: Chassis 
After Recapping, 

Bottom: Scope Trace After 
Recapping. 

present on the oscilloscope. The 
picture shows the ripple, but 
unfortunately, the Wizard was 
unable to catch a picture of a 
periodic spike. (The Wizard’s age 
has affected his hand-to-eye 
coordination. ) 

As val mconséquencemoltatie 
periodic spiking, your Wizard 
decides to recap the power supply. 
I have provided before-and-after 
photographs to illustrate my 
superior recapping workmanship. 

Subsequent to the recapping, 
the Wizard observed filament 
voltage of 6.3 VAC, and regulated 
B+ voltage of 0-to-400 VDC, and 
regulated C-minus voltage of 0- 
toc -L00°V DO are. present... As 
shown in the photographs, the 
tripple was within factory 
specifications with no sign of 
arcing. (The Wizard uses the 
output load of 150 VDC at 75 
mA to observe ripple.) 

The Finished Work of Art! 

Figure 10, hold your applause; 
the Wizard’s head is large enough. 

Post Script 

In the Ham Nation 316 
episode, Bob Heil mentioned 
future episodes would experiment 
changing the DC plate voltage to 
increase transmitted power on the 
Pine Board Transmitter Project. 
Thermonic Wizards in training 
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Figure 10: The Restored Power Supply 


might obtain and restore a Heathkit IP- 
32 regulated power supply, then they can 
use the IP-32 to determine the optimum 
DC plate voltage for their Pine Board 
Transmitter. 
References: 
https://www.youtube.com/user/ 
TWiTHamNation and_ https:// 
heilsound.com/amateur-radio-post/the- 
pine-board-project/ 
Footnotes: 

1. I use heterodyne frequency meters 
for signal sources to test and align 
receivers. I have an operational 
heterodyne frequency meter power 
supply, but it looks real neat to see a 
World War Two heterodyne frequency 
meter powered by the Heathkit IP-32 
power supply . The meters , light, knobs, 
jacks and wires are like window shopping 
in downtown Richmond at Christmas 
time (in the 1960s)! 

2. Dave Ishmael WAGVVL, The Heath 


[P-32 Power Supply, Real Power Supplies 
Glow in the Dark, Electric Radio, 
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Number 52, August 1993, Page 26; and 
The Heath IP-32 Power Supply Revisited, 


Real Power Supplies Glow in the Dark, 
Dave Ishmael WAGVVL, Electric Radio, 


Number 283, December 2012, Pages 
21-25 

3. The Wizard of Oz Film produced by 
Metro-Goldwyn-Mayer, 1939 

4. Howard W.. Samsiecamee: 
Indianapolis, Tube Substitution 
Handbook, 1971, Page 19. 

5. Radio Corporation of America, 
Harrison, New Jersey, RCA Receiving 
Tube Manual, 1966, Pages 175 and 
20d 

6. Heath Company, Benton Harbor, 


Michigan, Assembly and Operation of 
the Heathkit Regulated Power Supply, 
Model IP-32, 1962, Page 2: 

7. As Above, Page 26 

8. Heath Company, Benton Harbor, 


Michigan, 1959, Operational Manual 
for the Heath Educational Analog 
Computer EC-1, Page 38. 
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AM Carrier Net: Sunday mornings, 8:30AM local Eastern time, 3835 kc. QSX W2DAP. Friendly format. 
Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 
Arizona AM Nets: Sat & Sun: 160M 1885 kc @sunrise. 75M 3855 kc@6 AM MST. 40M 7293 kc 10 AM MST. 6M 50.4 
Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST. 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M winter nights, 
40 summer nights, 20 and 30 meters day. Informal nightly net about 0200-0400Z. 

California Early Bird Net: Sat. mornings @ 8 AM PST on 3870 kc. 

California Vintage SSB Net: Sun. mornings @ 8AM PST on 3860 +/- 

Colorado Morning Net: Informal AMers on 3875 kc daily, Mornings Only at 6:00 AM MT MT, QSX 
K@O}J 

Collins Collectors Association Nets: Sunday, 14.263 Mc @ 2000Z. Informal Tue. & Thurs. eve. 3805 kc @2100 ET. West 
Coast 75M net, 3895 kc 2000 PT. 10M AM net 1800Z, 29.05 Mc Sunday, QSX 1700Z. CCA First Wednesday AM Night monthly, 
3880 kc starting @ 2000 CST, or 0200 UTC. 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WB@IQK), Doug (W9IDCQ), Bob (W4WTO), 
Evan (K9SQG) Drake Users Net: Check 3865 kc, Tue. nights@8 PM ET. QSX Evan (K9SQG) Drake WestCoast Net: 3895 
KHz +/-QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 Ke @ 0800 AM, ET on Sun. QSX op is Mike (N8ECR), with alternates. 

Eastern AM Swap Net: Thu. evenings on 3885 kc @7:30 PM ET. Net is for exchange of AM related equipment only. 
Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. QSX 
for both nets Warren, W1GUD 

Fort Wayne Area 6-Meter AM net: Meets nightly @7 PM ET on 50.58 Mc. Another long-time AM net, meeting since the late 
‘50s. Most members use vintage and homebrew equipment. 

Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 kc, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 
Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don. 

K1JCL 6-meter AM repeater: Operates 50.4 Mc in, 50.4 Mc out. Repeater QTH is Connecticut. 

K6HQI Memorial 20 Meter Net: Flagship AM net 14.286 Mc daily for 25+ years. Check 5:00 PM Pacific Time. 

Lake Erie Boatanchor CW Group (LEBN): Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8KYD) or Jeff (K3KYR) 
Midwest Classic Radio Net: Sat. morning 3885 kc @7:30 AM, CT. Only AM checkins. Swap/sale, hamfest info, tech. help 
Mighty Elmac Net: Wed. nights @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 +5 kc. QSX: NSECR 
MOKAM AMers: 1500Z Mon. thru Fri. on 3885 ke. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M 
Tues. and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 kc. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. QSX op Paul (W1ECO) 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 kc +/-QRM. QSX Ted, W3P WW. It isn’t necessary to 
check in with military gear, but that is what this net is all about. Late checkins are welcome. 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Steve, K3ALV 

Southeast AM Radio Club: Tue. evening swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 
(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM on 50.4 Mc. QSX op is Will (AA6DD). 

Swan Nets: Users Net Sun 2100z 14.293Mc+/- QRM. QSX op rotates Jim (WA5BDR), Ron (KC7PSY), Bill (W4WHW), 
Jay (WB6MWL). Tech Nets: Mon 2300z 14.252Mc QSX op Steven (KB7BGS) / Sat 2-4pm ET 7.235Mc QSX op Stu (K4BOV) 
Texoma Trader’s Net: Sat. morning 8:00AM CT 3890 kc, AM & vintage equip. swap net. 

Vintage SSB Net: Sunday 1900Z-2000Z 14.293 & Wednesday 0300Z. QSX Lynn (K5LYN), or Adolph (W A5IGG) or 
Vince (WB4BPS) 

West Coast AMI Net: 3870 ke Wed 7PM PST 8PM PDST. Early check-ins: Skip (K6LGL) 6PM PST 7PM PDST. Net 
control rotates: Brian (NI6Q) 1st Wed, George (WA6HCX) 2nd Wed, Sharon (K6IRD) 3rd Wed, Steve (KF6SYD) 4th 


Westcoast Military Radio Collectors Net: Sat.@2100 Pacific Time 3985 ke +/- QRM. QSX W7QHO. www.mrcgwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 
Wireless Set No. 19 Net: Second Sun. 7270 ke (+/-25 Kc) @ 1800Z. Alternate 3760 kc, + /-25 kc. QSX Dave (VA3ORP). 
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The National HRO-500 Frequency Synthesizer 


By Gary Geissinger, WAO@SPM 
Lafayette, CO 


geissingergary@yahoo.com 


Introduction 

During the summer of 1965 I was busy 
listening to shortwave on my Hallicrafters 
S-38B and trying to learn enough about 
ham radio to pass the Novice test. I was 
also unintentionally memorizing my 
Elektra Code Course LP. Back then, the 
only reference I had on ham radio gear 
was a Burstein-Applebee catalog. Boy, 
that Collins and Hallicrafters gear looked 
good. That was, until the August issue of 
Popular Electronics came out. When I saw 
the article about the HRO-500 I knew 
that someday I would have, perhaps, the 
“Greatest Receiver Ever Made.” I also 


knew it wouldn’t be soon; if I saved every 
cent made from my paper route it would 
take more than three years! 

Since then I have owned a number of 
HRO-500 receivers. My latest was “new” 
right out-of-the double carton. Naturally, 
it was packed back in the late 1960s. 
Apart from one knob insert needing to be 
elued back into the knob, the receiver 
was perfect and operated for about a 
year. Then the synthesizer stopped 
operating. This article is the outgrowth 
of understanding and fixing the 
synthesizer. 

There are no integrated circuits in the 
HRO-500; in fact, many of the active 
devices are early germanium PNP 
transistors. The synthesizer design is 


textbook only if the textbook was written 
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The National HRO-500 was introduced in 1964 and was produced until 1973. The 
digital readout is accurate to 500 Hz and it tunes in sixty 500-kHz bands, featuring 
high image rejection. National’s available accessories included a rack kit, a LF 
preselector, a speaker, a NiCad battery pack, and a carrying case. 
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Figure 1: The HRO-500 Synthesizer’s Block Diagram 


in the 1960s and looks a little foreign 
when compared with today’s designs. 
Theory of Operation 

The combination of the bandswitch 
setting and the setting of the “Synthesizer 
Tune” adjustment select the synthesizer’s 
output frequency. The synthesizer 
generates the high frequency oscillator 
signal on 500 kHz increments but with 
an offset of 250 kHz. 
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Figure 2: Action of the Harmonic Filter 
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Consider the example of the receiver 
being set to listen between 20.0 MHz 
and 20.5 MHz. The bandswitch would 
be set to band 5 that allows reception 
from 20 MHz to 30 MHz. Then, the 
synthesizer tuning knob would be rotated 
to show “20 MHz” from the display 
drum on the front panel. The two settings 
accomplish three things. 

First, the variable oscillator (Q303) is 
set to oscillate at a frequency close to 
DIE IN as: 

Second, the tracking filter (Q304) will 
be set to pass the oscillator signal near 
25.2 Miz, 

Third, the tracking harmonic filter will 
be set to emphasize the harmonic of the 
500 kHz crystal at 28.00 MHz. This is 
shown in figure 2. The harmonic filter 
tuning is fixed on band 1, but tracks on 
the other bands. 
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Figure 3: Combined Mixer Input 


The mixer (Q306) will take the 28.00 
MHz harmonic signal and the oscillator 
signal which is “around” 23.25 MHz and 
creates a difference frequency in the 
neighborhood of 4.75 MHz. Figure 3 
shows the two inputs to the mixer. The 
primary peak from the harmonic filter is 
off-scale in figure 3. 

The difference signal from the mixer is 
amplified and filtered by Q307 and 
Q308. Now the phase locked loop is 
ready for action. 

Initially the oscillator is not “locked” 
and the unijunction sweep oscillator 
(Q311) will dither the oscillator 
frequency up-and-down, in a sawtooth 
pattern, by varying the capacitance of 
varactor*diode 'C390/V.C47 in the 


oscillator. Figure 4 shows the voltage fed 


Figure 4: Oscillator Tuning Voltage when 
Unlocked 
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to the varactor diode when the loop is not 
locked. 

At some point the difference frequency 
from the mixer will be close enough to 
4.75 MHz to be passed through the IF 
amplifiers to the phase detector. 

The phase detector is in the form of a 
Foster-Seeley phase discriminator that 
compares the 4.75 MHz IF signal with a 
fixed 4.75 MHz signal from crystal 
oscillator Q309. The output of the phase 
discriminator is a tuning voltage (some 
call an error voltage) that is filtered 
(Q310) and used as a DC tuning voltage 
for the varactor diode C390/VC47. The 
tuning voltage will adjust the oscillator 
frequency so that there is no phase error. 
Now the phase lock loop is locked. This 
is shown in figure 5. The tuning voltage 
overcomes the effect of the sweep 
oscillator on the oscillator tuning. This is 
detected by the sweep detector (CR-6) 
and bistable trigger (Q17, Q18). When 
no sweep signal is detected the receiver is 
unmuted and the phase lock indicator on 
the front panel will go out. 
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Figure 5: Oscillator Tuning Voltage when 
Locked 

Please note the horizontal cursors 
appearing on figures 4 and 5. They are 
placed at the voltage limits of where the 
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Figure 6: Oscillator Locked and Tuning 
Not Centered 


oscillator can acquire lock. Those were 
found by adjusting the synthesizer tuning 
knob and observing when lock was 
acquired. The trace is centered between 
the limits in figure 5, which is optimal, 
and gives the most operating margin. 

Figure 6 shows the oscillator lock with 
a tuning voltage that is not centered. 
(Figures 5 and 6 are similar, but figure 5 
has the trace down to the middle between 
the cursors while figure 6 show the trace 
offset from the middle between the 
cursors.) 

Synthesizer Alignment Using the 

Manual 

The synthesizer alignment procedure 
given in the HRO-500 manual will yield 
a correctly aligned HRO-500 only if the 
receiver is operational and component 
values have not shifted significantly. This 
procedure requires little test equipment 
other than that found in a well-equipped 
ham shack in the 1960s. Figure 32, on 
page 42 of the HRO-500 manual, gives 
the synthesizer frequencies for each band 
edge. On line 10, the “High-Frequency 
Oscillator” frequency should read “12.75 
MHz.” Today, it is likely that the given 
alignment procedure is far from adequate. 
The effect of age on germanium 
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transistors, coupled with shifted 
component values, can make this 
procedure unreliable or completely 
inadequate. 

What is Missing? 

Going back to the theory of operation 
section, there are 3 circuits that are 
adjusted as the synthesizer tuning knob 
is turned. The alignment procedure in 
the manual will aid in aligning the 
oscillator and the oscillator tracking filter. 
Missing is any concern with the harmonic 
tracking filter. 

Except for mechanical alignments of 
the dial string mechanism and the variable 
capacitor shaft, the alignment of the 
harmonic tracking filter is set at the 
factory and has no adjustments. In the 
1960s it was a fair assumption that no 
alignments would be needed, given the 
expected operational life of the receiver 
was short. I suspect that the engineers 
who designed the HRO-500 would be 
gratified to learn that folks are still 
maintaining and using them. 

Necessary Preliminary Steps 

Even if the synthesizer appears to 
function, there are necessary steps that 
need to be considered before a more 
comprehensive check and alignment is 
attempted. These are based on my 
experience; others may have seen things 
inside an HRO-500 that I have not. 

“Back in the day” there was no concern 
with electrostatic discharge (ESD) and 
static. Today there is great concern with 
ESD and the parts in an HRO-500. I 
recommend that when the radio is 
removed from the case all further work 
be accomplished on an antistatic mat 
using a wrist strap. Make sure test 
equipment and the soldering iron are 
grounded. 


One by one, each transistor in the 
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synthesizer needs to be removed and 
tested, then replaced back into its original 
socket. The gain as well as leakage currents 
matter. These tests can be done with a 
number of different pieces of test 
equipment or using decade boxes, power 
supplies, and meters. Although I have 
more exotic gear, in this case I use an 
RCA WT-501A transistor tester. Do not 
be surprised if a high percentage of the 
germanium transistors need to be 
replaced. New substitute transistors can 
still be obtained but be suspicious of 
them and carefully test these as well. 
Don't skip this step; let me give you some 
examples. The collector-to-emitter 
leakage in Q302, as well as the base-to- 
emitter leakage in Q306, can upset the 
tuning of the harmonic tracking filter. In 
my experience with HRO-500s, transistor 
Q308 has a high failure rate and can be 
hard to detect without testing the 
transistor itself. Just like testing tubes, 
the best test is “in-circuit.” All of the 
silicon transistors are still available or 
have reasonable substitutes. For the 
germanium transistors in the synthesizer 
I have tried Motorola HEP 2 and Phillips 
ECG 100 replacement devices. 

Check the power supply voltages 
everywhere you can. This may lead to 
replacing passive parts without the need 
for involved troubleshooting. I do not 
recommend replacing every resistor and 
Capacitor as some do. That’s because, 
unlike vintage tube-based equipment that 
can get hot, the HRO-500 runs cool. 
Except for parts in the power supply 
circuits, it is rare to see a component 
significantly shift value in an HRO-500. 

Some styles of older electrolytic 
capacitors hold up over time while others 
routinely test open or shorted. I replace 
defective smaller electrolytic capacitors 
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with tantalum capacitors when possible. 
The “pink” aluminum can electrolytic 
capacitors seem to generally be okay. If 
you see any of the black plastic molded 
electrolytic capacitors marked “IEC” 
replace them on sight. 

The 100 pH chokes used in the HRO- 
500 for decoupling and filtering can 
become open over time; I have had to 
replace several of them. Some are in 
locations that require the full removal of 
the synthesizer assembly. Check and make 
sure these have continuity ahead of time. 
Even the ones that are “buried” can be 
tested by pulling a transistor or two out 
of their sockets and making a continuity 
measurement. 

There are low frequency capacitors in 
the signal chain that can impact operation 
of the phase locked loop. Good examples 
are C159 and C374. When C374 turned 
up defective I replaced it with a film 
capacitor. 

Verify that the mechanical alignment 
of the dial strings, switches, and capacitor 
shafts is correct. The manual is not 
completely clear on some of this but 
follow recommendations in the manual. 

Clean and lubricate the switches. Make 
sure the variable capacitors turn freely 
and are well lubricated. Do not saturate 
the switch sections with contact cleaner. 
I used to have an HRO-500 that needed 
to have all the wafer switches replaced; 
someone had saturated the switch sections 
and they all warped. 

Prior to aligning the synthesizer make 
sure that it can lock somewhere. There is 
considerable circuit margin at lower 
frequencies. If lock is never achieved then 
repair is certainly in order. 

Alignment Using 
Modern Test Equipment 
Given the availability of frequency 
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Figure 7: A Low Cost Active Probe for a Spectrum Analyzer 


counters, spectrum analyzers, high speed 
oscilloscopes, and accurate signal 
generators, it is now possible to do a 
much more comprehensive check and 
alignment of the HRO-500. 
Synthesizer IF Alignment 

The procedure given in the HRO-500 
manual, 5.5.10, is perfectly fine here. 
The key is to keep the level of 4.75 MHz 
from the signal generator as low as 
possible consistent with getting a good 
alignment result. 

Synthesizer Oscillator Alignment 

While the procedure in 5.5.11 works, 
I was concerned about the accuracy of 
using the circuit given in “figure 31” in 
the HRO-500 manual without a little 
more testing. The manual suggests setting 
the DC tuning voltage to 5.0 VDC during 
the alignment. I decided that it would be 
eood to first determine the correct setting 
of the bias for the alignment. Without 
first removing any transistors or crystals, 
I connected an oscilloscope with a X10 
probe to the point at the junction of 
CR300 and R349. On the oscilloscope, I 
watched the lock range on each band as I 
turned the synthesizer-tune adjustment. 
I used the cursors on the oscilloscope to 
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mark the upper-and-lower voltages where 
lock was acquired. Then I took the average 
of the two and made that the setting for 
the circuit shown in figure 31 of the 
manual. For the alignment itself, I 
connected a frequency counter to J300 
on the back panel of the receiver. Using 
the frequency counter and the calculated 
tuning voltage I otherwise followed the 
procedure for calibrating the synthesizer 
oscillator given in 5.5.11. 

Synthesizer Tuned Buffer Alignment 

I decided that there had to be a more 
accurate way to adjust the tuned buffer 
than the procedure 5.5.11. This meant 
using a spectrum analyzer. 

If you do not have a high impedance 
FET probe for your spectrum analyzer 
(yes, that is right, a spectrum analyzer) 
figure 7 gives an inexpensive solution. | 
built mine into a little metal box obtained 
at a swap fest. Make sure power is off to 
the item under test whenever the probe is 
connected or disconnected. Select R2 so 
that the voltage on the emitter of Q2 is 
around 4 VDC. 

While this probe can be used to look at 
RF signals anywhere in an HRO-500, 
the base of Q306 is the point needed 
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Figures 8a (Left) and 8b (Right): Harmonic Filter Tracking Errors 


during alignment of the tuned buffer in 
the synthesizer. Even using a high quality 
probe, such as a TEK P6139, there is too 
much capacitive circuit loading. 

My answer was to temporarily tack- 
solder a 3 pF mica capacitor (with very 
short leads) to the base connection on the 
socket for Q306. Then I clipped the 
probe to the other end of the mica 
capacitor. 

The rest of the alignment is done using 
the table given in figure 32 of the HRO- 
500 manual. It’s easy to peak up the 
tuned circuits in the tuned buffer using 
the spectrum analyzer. Leave it connected 
to the same point for the next step. 

Tracking Harmonic Filter Check 

For this check. temporarily remove 
transistor Q304. Then use the “Signal 
Generator’ column of the table in “figure 
32” of the HRO-500 manual. The desired 
500 kHz harmonic should be peaked as 
the synthesizer tune knob is turned. 
Remember that on the lowest frequency 
band the filter is fixed and doesn’t track 
with the knob. 

For example, band 4 is used to listen 
from 10 MHz to 20 MHz. That means as 
the synthesizer-tune knob is adjusted 
from 10 MHz to 19.5 MHz, the peak in 
the harmonic series (according to the 
“Signal Generator” column in “figure 
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32” in the HRO-500 manual) should 
move from 18 MHzto 27.5 MHz. Figures 
8a and 8b show two examples of the 
tracking being off by one harmonic. 

Being off by one harmonic above or 
below the desired harmonic may very 
well decrease the lock range of the phase- 
lock loop and degrade its performance. It 
might not lock at all on some settings in 
that synthesizer band. Filter errors greater 
than that can cause the synthesizer to not 
lock at all on a given band. So, if you see 
errors like this (or worse) what can be 
done? Here are some suggestions. 

If the errors are in the same direction 
on all the bands (except band 1) check 
the mechanical alignment. Perhaps 
changing the dial string alignment for 
the capacitor C373 will solve the problem. 

If the errors are not severe perhaps you 
should consider it good enough. Record 
what settings of the synthesizer tune 
adjustment center the filter instead of 
centering the synthesizer tune indication 
in the center of the display window. 
Then repeat the synthesizer oscillator 
and tuned filter alignment using those 
settings. While it may not be cosmetically 
pleasing to only see “9.5 MHz” half in 
the display window, the HRO-500 will 
perform perfectly with the alignments 
skewed to center the harmonic filter. 
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Figure 9: Example Harmonic Filter Circuit (Band 5) 


If all else fails, and there are frequencies 
where the harmonic filter is skewed far 
off-center, then begin to look fora shifted 
capacitor value in the harmonic filter. 
My new HRO-500 had a capacitor in 
band 1 that had shifted in value; a new 
silver mica replacement capacitor was 
installed. 

Figure 9 shows the configuration of 
the filter for band 5. If the tuning is 
skewed all across the range of settings 
from 10 MHz to 19.5 MHz, then Q302, 
Q306, and C311 are likely culprits. If 
the tracking changes across the band then 
suspect C321. 

Unfortunately, working on the 
harmonic filter requires the entire 
synthesizer deck to be removed from the 
receiver. This is not trivial and adds hours 
to the task. Make sure that some simple 
mechanical issue or a bad transistor are 
not causing issues with the harmonic 
filter before you consider removing it. 

If all of the alignments and checks are 
acceptable the synthesizer should work 
just fine. The rest of the receiver is pretty 
typical of older receivers once you get 
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used to looking at circuits using mostly 
PNP transistors. 
For More Information 

If you want to learn more about phase 
lock loop synthesizers here are some 
suggestions: 

e The classic text in this area is Phaselock 
Techniques by Floyd M. Gardner, Ph.D.. 
This book starts with fundamentals and 
develops them with a good theoretical 
presentation. The section on phaselock 
techniques in Communications Receivers 
by Ulrich L. Rohde (and others) is 
excellent as well. 

Frankly, if you want to understand 
phase lock loops without a university- 
level treatment there are better references. 
These are the original application notes 
from Motorola now available from NXP 
and OnSemi, as shown below. 
© AN-535 Phase Lock Loop Design 
Fundamentals by Garth Nash 
¢ MC14046B Data Sheet 
e AN-1207 The MC145170 in Basic HF 
and VHF Oscillators 
¢ MC1415170D2 Data Sheet 
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CARTOON OSL CARD ROUNDUP 


The new “Cartoon QSL Card Roundup” column has been extremely popular 
(thanks, Gary, for kicking it off) and many new cards have been received. There are 
enough for many ER issues to come and [ll present them in the order they were 
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This is a very early, original Arthur Collins 9CXX card that was given to Pete Zilliox, 
K5PZ, Huntington Beach, California by Jay Miller, KK5IM. Pete says, “I love the 
cartoon cards too! Best 73.” 


Rich Oliver (KC9GQ) sent a treasure trove of classic cards. I'll let him describe them: 

“I have my Father’s QSL cards from his first Ham period 1930-1931 and his second 
1937-1939. For the first, he was a 16YO High School kid having a great time on a 
shoestring operating as W8CPW. The three cards dated 1930 confirm QSOs where 
Dad was using a breadboard Hartley-Hull transmitter built with assistance from Ken 
Hanifan, the other local Ham. One of the cards I’ve attached came from Ken, though 
it is a later one with a new call. At the end of 1930 Dad recast his transmitter on a 
suitable frame with a well-considered layout. This is the transmitter I restored 20+ 
years ago and wrote up for the December 1998 issue #116 of ER. The SX-24 Ken shows 
as his receiver on that card is now mine - a tie to the man who helped my father get 
on the air. That initial period of activity came to an abrupt end when a letter from the 
FCC arrived noting that a neighbor had filed a complaint that Dad was shooting 
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“death rays” under his door. They wanted an explanation. It was sufficiently 
intimidating to get Dad to go QRT - at least until 1937 when he arrived at U of Toledo 
where he found a Ham Club. Paul Wagner was a friend he made there. 

“73, Rich Oliver, KC9GQ” 
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This W8CKH card was sent to Rich’s dad in 1930. The Op was a YL, Gertrude Palecek, 
using a “7 1/2 Watt Hi-C Hartley” transmitter and a “Screen Grid Detector and 2 
Step” Receiver. 
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This card was sent to W8CPW from Rudy, V W8DSQ, and is dated es 1938. It is 
another classic cartoon card drawn by Otto Eppers in 1936. Rudy was using a 210 at 
45 watts, and his SW-3 was receiving. 
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W8CPW worked A.A. Hebert, W1ES, January 2, 1939. AH had one of Gil’s W1CJD 
cards that are treasured in the present era. AH’s rig ran 300 watts from an RK 20 and 
two RK36s. His receiver was an HRO. Mr. Hebert was the ARRL Treasurer during this 


time. 
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About this 80-meter QSO card from W1IAMP during 1932, Rich Oliver points out 
some important history: 


“The W1AMP carries a bigger load of history than one might suppose. The biggest sub 
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in the fleet in 1932 was the Nautilus (SF-9/SS-168) - a Narwhal Class submarine with 
extra mine-laying gear aft that made her the longest sub in the USN. Nautilus played 
a key role in the Battle of Midway that was not even recognized for years. She was 
deployed to the waters off Midway Island in hopes of intercepting the Japanese fleet. 
She did, in fact, sight them and fired two torpedoes at the Battleship Kirishima. One 
misfired and the other missed the target. The Destroyer Arashi stayed behind to depth- 
charge Nautilus, but eventually they had to leave to catch up with the rest of the 
Japanese fleet. Arashi was the ship sighted by Wade McClusky of VB-6 on the USS 
Enterprise, and that sighting pointed them to the Japanese carriers.” 
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Howie Holden (WB2AWQ) sent another one of Eppers’ W2EA classic cartoon QSL 
card. Readers may remember Otto’s cartoon ads from Harrison Radio, in NY, that ran 
in many vintage issues of QST. Here are Rich’s comments: 

“Hi Ray, here is a QSL for W2PQG (SK 2008) from Paramus, NJ. Stan Sears was 
known widely throughout Northern NJ and the NYC area, and his call was/is still 
attached to the 10-70 Repeater Assn. repeaters. Stan was tech-savvy, a mentor to many 
and a friend to all, me included. The card was made up by Harrison Radio, NYC, when 
Stan lived in Queens NY. 73, Howie, WB2AWQ, Reno NV.” 
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Otto Eppers, W8EA and W2EA 


Otto Eppers lived in the New York, 
NY, area and was QCWA Charter 
Member #12. From the QCWA web 
site comes the following information 
and photo for Otto and his career. 

“Otto Eppers (W8EA - W2EA) Was 
Born around 1900 at Clearfield County 
PA. He was a photographer and prolific 
radio cartoonist with ties to ARRL in 
the 1923 era as a staff artist: Hissote 
“curmudgeon” characters were enjoyed 
by the faithful. 

“Many of the Manhattan’s Radio 
Row stores used Otto for their sales 
cartoon advertisements. 

“He continued his vocation as 
commercial artist and photographer in 
NYC after moving there pre-WWII and did art work for Chesler Publications, 
I.W. and the Marvel Comics. A lot of his work appeared in the personal QSL card 
business. | 

QCWA’s familiar logo was developed from a cartoon in a 1923 QST piece 
accompanying an article Rotton QRM, written by “The Old Man’ himself, Hiram 
Percy Maxim, W1AW. Otto Eppers, W2EA, as a commercial artist, made some 
minor modifications to the drawing, added some sparks and the letters ‘QCWA’, 


pe 


Classic Exchange, from Page 1: 


The annual fall Classic Exchange contest, or “CX” as it is known, is scheduled for 
Sunday, Sept. 23 and Tuesday, Sept 25, for the CW portion. Sunday, Sept 30, and 
Tuesday, Oct 2 will be the Phone portion. The hours and other info are the same as 
previous years. It is best to check the CX web site because full details will be posted 
there, _the web site is www.classicexchange.org. Also, more information can be 
obtained by sending Ron (K2RP) an email at K2ZRP@ARRL.NET. | 
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Weegee, the ER traveling photographer says, “Help keep my Speed Graphic active! We 
are always looking for good photos, especially we need attractive photos for Electric 
Radio covers.” 


Way back in Electric Radio for April 1991, issue #24, I (Ray, NODMS) wrote a multi- 
part article about the R-390A receiver. This was way back in the pre-internet era and 
the information I used to write those articles was compiled from surplus military tech 
manuals, sales catalogs, phone calls to surplus dealers, etc. There was no such thing 
as doing internet research, it didn’t exist yet, which is the first place we go to these days. 
We didn’t even have any PCs in the telecommunications department where I worked 
at the time... now I can say that era was before the turn of the century! 

In the introductory R-390A article I described known support equipment built for 
the receiver, which included the CV-1982/URR demodulator. I think my info came 
from a Fair Radio Sales phone call. Here is part of that article: 

“_.-Perhaps the most interesting, and most mysterious, was the CV-1982/URR radio 
terminal. Very little is known about this equipment, and only a few pieces have made 
it onto the surplus market. The CV-1982 was a full diversity SSB radio terminal with 
automatic frequency correction, derived via a tube-type phase-locked loop. The PLL 
used unusual [numbered] nuvistors with plate caps. This terminal was designed to be 
used with the TSC-26 SSB Space Terminal, which was made up of two component 
parts, a transmit shelter and a receive shelter. Any further information regarding this 
equipment would be greatly appreciated. ...” 

In the years since that article appeared, I never had any additional information on 
the CV-1982 appear until two months ago when Brown Beezer (W1NZR) wrote to tell 
me that he had found one complete at a recent hamfest! At long last, photos of this rare 
unit are available, and are shown below. 
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The ID plate and the sticker indicate the CV-1982A/TSC-26 was designed by Kahn 
Research Laboratories, Inc. Although not visible in this photo, it is S/N 8. 
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Doing internet research this month (July 2018) revealed no new information on the 
CV-1982A that I could find, so it is still an unknown. Khan Research Laboratories is 
somewhat of a mystery because it was apparently founded during July 1976 when no 
new R-390A receivers were being produced. The internet “Wikipedia” site has this 
below to say about the mysterious KRL company. Perhaps the less we know about 
KRL, the better! 

“Founded July 31, 1976, the Khan Research Laboratories, previously known at 
various times as Project-706, Engineering Research Laboratories, and Kahuta Research 
Laboratories, is a Pakistan Government's multi-program national research institute, 
managed and operated under the scrutiny of Pakistan Armed Forces, located in 
Kahuta, Punjab Province. The laboratories are one of the largest science and 
technology institutions in Pakistan, and conduct multidisciplinary research and 
development in fields such as national security, space exploration, and supercomputing. 
While the laboratories remain highly classified, the KRL is most famous for its 
research, development, and production of Highly-Enriched Uranium (HEU), using 
gas centrifuge (Zippe-type) technological methods roughly based on the model of the 
Urenco Group—the technology brought by Dr. Abdul Qadeer Khan, who worked 
there as a senior scientist. Since its inception, there has been a large number of 
employed technical staff members with majority being physicists and mathematicians, 
assisted by engineers (both army and civilians), chemists, and material scientists. 

“Professional scientists and engineers are also delegated to visit this institute after 
going under close and strict screening and background check, to participate as visitors 
in scientific projects. 

“During the midst of the 1970s, the laboratories were the cornerstone of the first 
stage of Pakistan's atomic bomb project, being one of the various sites where the 
classified scientific research on atomic bombs were undertaken.” 

Writing in the December 1997 issue #104, Les Locklear provided this updated 
contract list for the R-390A, so there were none produced during the 1970s: 


YEAR MANUFACTURER ORDER NUMBER 
1954 Collins Radio Co. 14214-PH-51 
1954 Motorola 363-PH-54 
1954 Collins Radio Co. 375-PH-54 
1955 Collins Radio Co. 08719-PH-55 
1956 Motorola 14-PH-56 
1958 Motorola 14385-PH-58 
1959 Stewart-Warner Corp. 42428-PC-59 
1959? Helena-Rubenstein (Collins) UNKNOWN 
1960 Stewart-Warner Corp. 20139-PC-60-Al-51 
1960 EAC 23137-PC-60 
1961 Capehart Corp. 21582-PC-61 
1962 Amelco, Inc. 35064-PC-62 
(Teledyne bought Amelco) 
1962 Teledyne Systems 35064-PC-62 
1963 Capehart Corp. 20878-PC-63 
(Mfd. for Adler Electronics) 
1967 EAC FR-36-039-N-6-00189 (E) 
1968 Dittmore-Freimuth Corp. DAAB05-68-C-0040 
1984 Fowler Industries N 00024-84-C-2027 
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Here are the top and rear views of the CV-1982A. In many ways, it resembles some of 
the more common SSB demodulators for the R-390A. Notice the 13 Nuvistor tubes 


with plate caps and at least 7 that don’t have plate caps. 


The rear of the unit is somewhat similar to other common R-390A demodulators. 


ER 
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Ads received AFTER the deadline will be held for 
the NEXT issue. 


How to SubmitAds: WEGREATLY ENCOURAGE ALLADS TOBE 
SENT BY EMAIL. Ads are printed the way they are received. If an ad 
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responsible for ads sent by mail that are lost by the postal system or ads 
that are not legible. Not all readers use email, so include phone 
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Do not mail ads a week before deadline and expect them to 
show up the following month. 


Ads run ONE month UNLESS CLEARLY STATED otherwise. 
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for each word by check or money order in the mail, or via PayPal. 
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MANUALS FOR SALE: Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or best- email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: Moving sale. Email for lists: 
Audio, Ham Gear, Test Equipment, 
Antiques, Literature, Tubes, Parts. 
(Indicate which lists you want.) Email: 
K6GLH @volcano.net or call 209 418-4741 


FREE: 2 Heathkit HW-2036s and 1 HW- 
2036-3 with original manuals, for parts or 
repair. Free, you ship, George, WA@KBT, 
Parker, CO, 303-840-2878 _ or 
george.stoll@utcg.com 


FOR SALE: Johnson Desk Kilowatt and 
EFJ Ranger, both restored. HRO-60, 
covers 160M, all original. Buyer to arrange 
for shipping or pick-up. Please call to 
discuss for more info. Larry, K3JRR, 
Criders, VA 540-282-2212 


FOR SALE: ORION 1, matching speaker, 
new screen, extra crystal filters, spares. 
Works FB, $900. Tim, KZHX @JUNO.COM 


FOR SALE: Radiotron Designers 
Handbook, $25.00; Kraus, Antennas; 
“Radio” Antenna Manual, $15.00 each 
includes shipping. Walter, WOLQU, 847- 
697-5668 whschwartz @ sbcglobal.net 


FOR SALE: Seeking offers for 1937 
Lafayette 3-deck PB-47 transmitter. 
Picture can be emailed. Brian Belanger, 
115 Grand Champion Drive, Rockville, 
MD 20850, 301-258-0708, 
radiobelanger @comcast.net. 


FOR SALE: Hallicrafters HA-20 remote 
VFO for SR2000 or SR400 with coupler. 
$650. alanchandler@frontier.com 425- 
205-1280 


FOR SALE: Gonset Twins, G-77a and G- 
66b. All cables and power supplies and 
manuals. Andy KERY @ARRL.NET or 559- 
903-2482 
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FOR SALE: MT-69/ARC-5  single- 
transmitter mount, excellent original 
condition with 4 circular shockmounts. 
$50 plus $12 Shipping. Ray, NODMS, 
720-924-0171 Ray@ERmag.com 


FOR SALE:Famous Rohde & Schwarz 
EKO7 HF receiver. This is the rare version 
with a digital dial, reportedly made for 
German intelligence services. Excellent 
original condition, all complete. Nothing 
missing or broken, excellent cabinet and 
bright paint. Includes English language 
operatior’s manual and German 
language service manual. $850. Due to 
its weight | can’t ship it, so buyer will need 
to arrange for shipping. Ray, NODMS, 
720-924-0171 Ray@ERmag.com 


FOR SALE:Extremely rare Rohde & 
Schwarz NZ-10 frequency-locked CW/ 
SSB/RTTY demodulator for the Rohde & 
Schwarz EKO07 receiver. Very few of these 
units were imported to the US. Includes 
German language manual and metal front 
cover. | don’t have the R&S connectors. 
$1,000 or best offer. The unit is heavy, but 
can be shipped UPS or FedX. Shipping 
will be calculated based on distance to 
buyer. Ray, NODMS, 720-924-0171 
Ray @ERmag.com 


FOR SALE: HRO-60 coils E,AC,AD G,H.J, 
transformer,choke. SW3, Hickok 580 tt 
(nw), transoceanics, Vibroplex keys. 
Carter Elliott, celliott!1 @ aol.com,434- 566- 
8767. 


FOR SALE: Talor NIB822, T26, 1220, 
RK23, Eimac 525B, UEC 311T, Freed 
Reactor #19128 Class A. Paul Recupero, 
1-410-835-1825 


FOR SALE: Gonset Twins, G-77a and G- 
66b. All cables and matching power 
supplies and manuals. Andy, 
K6RY ,candoandys @aol.com. 559-903- 
2482 


FOR SALE: Collins transceiver RT-91/ 
ARC-2 without dynamotor, pickup only, 
$95, as-is. Toshi Yamada, 7107 175th PL 
SW, Edmonds, WA 98026 


ja1ftc @ hotmail.com 
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—ELECTRIC RADIO BACK ISSUES— 
All Electric Radio back issues are either from the original press run or lithographic reprints 


from the original negatives. Shipping prices are for delivery by media mail within the USA. 
Overseas, please inquire for shipping quotes. 


The NEW easy to use on-line search for back articles is at 
https://www.ermag.com/index/ 


¢ We no longer have all of the back issues of Electric Radio from #1, but the remaining 
stock of back issues are available at a discounted price plus $24.00 shipping, at least a 
56% discount the over single-issue price. Please call for a quote on all of the number 
of remaining back issues while they are still available. 

e Single Issues: $4.00 Each, Postpaid 

¢ 1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.50 Shipping 

¢ Special Deal on Any Four Years (Or Any 48 Issues): $125.00 + $9.00 Shipping 

¢ Foreign Customers: Please Inquire for Shipping Rates 


—COMPENDIUMS— 
All of the Collins compendiums are produced in nice 3-ring binders. 
Collins 75A-4 Modification Compendium: All the factory modification bulletins from Collins Radio Co., and 
all the articles printed in CQ, Ham Radio, QST and ER over the last 45 years, now 124 pages as of April 2018. 


Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages--------------- $17.00 plus $7.00 Shipping 
— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent’s biogra- 
phy, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manufactur- 
ers. There are historic photographs and diagrams on nearly every page, and color plates with vintage AK 
advertising. -----------------------------------------2--------- nnn nn nena nnn nnn en nnn n ence nnn enc ene encenecnennn $25.95 - 10% = $23.35 

Arthur Collins, Radio Wizard: 394 pages by Ben Stearns tell Arthur Collins biography from his early years 
until retirement. Stearns is a professional journalist and was employed by Collins from 1962 to 1977. Many 


historic photographs and stories from former employees. ------------------------------nnnneennnnnneeeeeeee OUT OF STOCK 

Again Available! Volume 1 of Crystal Clear by Maurice Siever-:----------=-------=- $29.95 - 10% - $26.90 

Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: 282 page guides to crystal sets and 

related US-made equipment from 1920 to 1955, by Maurice Siever-------------------------- $29.95 - 10% = $26.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) 
wonderful new book that has everything you need to work with vacuum tubes 
in one 277 page, high quality volume! ----------------------------------------n-" $32.95 - 10% = $29.65 
Make Your Own Tube Testers and Electron Tube Equipment: This new book by Gary Steinbaugh 
(AF8L), an ER contributor and a professional electronics engineer, is all about understanding tube 
testers and building them, and also contains many excellent projects such as power supplies and 
specialty oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, 
with many illustrations in full Color.--------------------------------nnnnnnnmmnnnnnnnnnnnnnn $36.00 - 10% = $32.50 
Mil Spec Radio Gear, Volume 2: Released in 2009, Mark Francis (KIOPF), describes in 252 spiral-bound pages 
surplus military radio equipment released since the passing of the vacuum-tube era, with the exception of 
popular items such as the CV-591 sideband adapter, the Hickok TV-10 tube tester, and a TS-375 VTVM. 12 
chapters discuss 30 different types of equipment ranging from HF to the VHF bands. The layout and photo work 


iS OXCelleNt. -------------- 2-2 ---nnnnen nnn nnn nn nnn ene n nnn enna nn en neem enn nn en nn ene nn nnnmemanannnnnannmem enna san $24.95 - 10% - $22.45 
Practical Radio Repair, VOIUME 1: ........csecesceessessnssneeeeeeeseerssnennnnnnseesnaeansennnnausnanenanens $26.95 
Practical Radio Repair, VOIUME 2: ........:csssssessssnecsecseeeneeseeesnansenannenseenseenaeeneecnucnneensess $26.95 


The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos. ——_-_-— 
panne enn nent --$25.95-10% = $22.45 


Tube Ty pe Transmitters: This is the second edition of Eugene Rippen’s excellent book on transmit- 
ters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, and more! Over 900 high quality 
illustrations with accurate descriptions and useful indexs make this a very useful volume. ..........+.1+0+ $26.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis -----------------------7nnmnnnnnnonnmrnrnnrnn $29.95-10% = $26.95 

Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
InforMative.----------------------- nnn annem nnn nena nena nnn neem cena nnn a nnn nnn mannan $26.95-10% = $24.25 
Again Available! Shortwave Receivers Past & Present: This is Fred Osterman’s 
long-awaited 4th edition, 2nd printing, a hardbound, heavy, 800-page masterpiece, 
more like an encyclopedia than a mere handbook! Sure to become a classic volume, 
it contains info on over 1,700 receivers from 1942 to 2013, when the book was com- 
pleted. Includes many hard-to-find details about European equipment.--------- $49.95 
The All-American Five Radio: This book is about classic American 5-tube broadcast receivers. It also contains 
a wealth of accurate, information on vintage receivers and proper troubleshooting and alignment. It's recom- 
mended for experienced repairmen and novices alike, 92 Pages. --------------------8rmnrrenor= $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel 
taking place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, 


and Poles; mentioning radio communications Of the day. ~----+s-sr+a--nenmnnm pnt sean ae $13.50 
Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas, a retired engineer, 
this book is packed full of valuable information about test equipment. 166 color pages. -------- 
wanna ann nn nn = ann nnn nnn nn nnn nnn nn nnn nnn nnn nnn nn nnn nnn $29.95-10% = $26.95 
Vintage Anthology. Revised Edition: by Dave Ishmael, WA6VVL, is a revised and updated version of Dave’s 
popular book. 209 pages of great information especially valuable to radio builders. Please Note: When the 
remaining stock is gone, this book will be Out-Of-print.-------------------n-nrnnnnnmnnnnn nn rnnnnnnns $21.95 - 10% = $19.75 


Ordering Information: 
Books are usually sent by USPS Media Mail 


Hollow State Design and Tube Type Transmitters are shipped for $6.00 each. 
Shortwave Receivers Past and Present is very heavy and shipping is $7.00. 

For other books, please add $5.50 shipping for one book and $1.00 for each 
additional book. Five books are shipped by media mail free to one address. 
Checks and money orders by US mail are fine. Overseas and Canadian Orders: 

Please inquire for shipping quotes. 


Available by Mail Order or on the Internet at www.ERmag.com 


Credit Cards Welcome via PayPal, Call or Email for Details 
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FOR SALE/TRADE: Manuals: Viking I, 
Viking Il, Valiant, Ranger, Adventurer, 
Navigator, Thunderbolt, Courier, Invader, 
Viking Mobile, Viking 500, VFO-122, 
others. NI4Q, POB 690098, Orlando, FL 
32869. 407-351-5536, ni4q@juno.com 


SACRIFICE: 1940 Philco #42-842 122- 
Three-Way Portable, intermittent 
operation. Schematic, Instructions. Pay 
just UPS with Money Order. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612, Call After 6 PM EST 


FOR SALE: ALPHA AMPLIFIEROWNERS 
New panels for Alpha 76A, 78, 374, 77Sx 
and 77Dx. Contact John Stanford, KF6I, at 
wb8svn @gmail.com or 714- 412-7399 
with your requirement. 


FOR SALE: Autek, Eico, Heathkit, Icom, 
Knight, National, and Tektronix gear. 
Please email for list. David Justis, KN@S, 
dijustis!1 @juno.com, 952-836-5570 
Leave Message. P.O.280, Wicomico, VA 
23184 


FOR SALE: 8 repairable 1930’s wooden 
console radios, $200 for all, Call for more 
info, Walter, 718-456-1988 


FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris WAS5SUEK 
cosmophone @ yahoo.com 


FOR SALE. NOS Cutler Hammer toggle 
switches. SPST 20A @ 125V. DPST 16A 
@ 125V $5.00 apiece plus shipping. John 
H. Walker Jr., 13406 W 128th Terr., 
Overland Park, KS 66213. PH 913-782- 
6455, EMail jwalker83 @kc.rr.com 


Hayseed Hamfest LLC 
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Cedar Rapids, lowa 


CAN CAPACITORS F 


can-caps.com 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 


FOR SALE: Obsolete Triplett meter, tester 
and hardware parts. Need Triplett number 
from manual. Unused stock. Bigelow 
Electronics, PO Box 125J Bluffton, OH 
45817-0125 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100/G. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @kc.rr.com 


SERVICE FOR SALE: Repair, upgrade, 
performance modification of tube comm. 
& test equip. Accepting most military, all 
Collins & Drake, & better efforts from 
others. Laboratory performance — 
documentation on request. Work 
guaranteed. Chuck Felton, KD@ZS, Felton 
Electronic Design, 1115 S. Greeley Hwy, 
Cheyenne, WY 82007. 307-634-5858 
email: feltondesign@ yahoo.com 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N90O0O, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill. riches @ verizon.net 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 


Auguat 2018 


ZIM ELECTRONICS INRUSH CURRENT LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in three versions: | 


Model AB-1M, (With Voltmeter) ,assssssesssssssseasees $39.95 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
Shipping, each limiter ............sccccessceesreeeee $7.50 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a slower startup for your 
valuable vintage radio equipment. The voltage drop 
across the limiter element is high when cold. As they 
warm up the voltage drop decreases. If you are con- 
cerned about high inrush current damaging your 
older equipment, this little product will prevent such Metered Tatiehe miter 
damage. They are not intended to be used as a voltage- Models AB-1M, AB-3 00M 
reducing device. The AB-1M is 150W. All models ‘ 


come with a full money-back guarantee. Electric Radio Store 
720-924-0171 


Drake Manuals on CD 


The R.L. Drake manuals that were 
compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 
and others. 

Now all of your Drake service 
information can be in one place and you 
won’t have to worry about not having a 
manual when a new piece of equipment 
enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 


www.ERmag.com 


Series 1 * Disk 1 
R.L. Drake Co. 


System 


Requirements: 


Any computer with 
Adabe Acrobat Reader®, 
Performance will vary 
depending on speed of 
the computer. 
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SERVICE FOR SALE: Let's get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124, Dayton OH, http:// 
TomsAntiqueRadioRepair.com 


FOR SALE: 60 years of electronic parts by 
mail. Components, Hardware, Tubes 
Meters. Free Flyer USA. Bigelow 
Electronics, POB 125, Bluffton, OH 4581 7- 
0125. 419-358-7851 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
kaiedp @ yahoo.com 


SERVICE FOR SALE: SMO and module 
repairfor KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @ sbcglobal.net, 501-282-2991 


SERVICE FOR SALE: | build hot-rod 
receivers: R-390A, SP-600, and 
transmitters: Valiant, DX-100, T-4X-A-B, 
AF-67. Chuck Felton, KD@ZS, Cheyenne 
Wyoming, 307-634-5858, 
www.feltondesign.com 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, K4ANYW, 
navy.radio @ gmail.com 


WANTED:: Correspond with RCA 
Radiomarine CRM-R6A receiver owners. 
(KC4AA) Bill Mills, 
millsend@windstream.net, 478-452- 
2957 


WANTED: REL-231 Shortwave Regen 
Receiver. Knight Solid-State DX’er. 
Handbook Novice Special Receiver. Bob, 
N4CD, telegraphy @verizon.net 
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WANTED: Good DX40 function switch. 
Roger, W9BZ, 550 Dove Dr. West, 
Franklin, IN 46131, 317-736-1407 


WANTED: Schematic diagram and values 
for the Gonset commander VFO. Dennis, 
KE@QM, 913-406-7521 


WANTED: 2 kHz mechanical filter for R- 
390A receiver. John, WA2SDE, 
jtiedeck@ aol.com, 610-574-0423 


WANTED: Rotary Inductor B&W #3853. 
Please send pictures to Edward McCann, 
AG6CX1 @ gmail.com 


WANTED: Original Drake SPR-4 manual, 
Paul R. Rehkopf, 340 N. Monroe St., 
Montpelier, Ohio, 48543 Phone (419)- 
485-4388, E-mail mkrprroh@live.com 


WANTED: T302 HV transformer for 32V-3 
Dead preferred. | can get it rewound. Bob, 
w6wtj @ earthlink.net, 510 223 9483 


WANTED: FT-234-A mounting rack for 
single SCR-274-N transmitter, shock 
mount for above, BC-442-A antenna relay 
with vacuum capacitor. James Owens, 
NWOO, 2888 Heron Loop SE, Albany, OR 


97322, chipandkaty@yahoo.com, 541- 
791-7825. 


WANTED: RT-654A/TRC-77 transmitter- 
receiver. James Owens, NWOO. 2888 
Heron Loop SE, Albany, OR 97322, 
chipandkaty @ yahoo.com, 541-791-7825 
WANTED: Hallicrafters S-27 FCC receiver 
needed for working RID set up. Paul 
Thekan, N6FEG , 650-367-1499, 
Paul. Thekan @cpii.com 


WANTED: Any documentation for Alpha 
Delta Communications Model VRC-1 
Variable Response Console speaker. 
Robert Baumann, WV@Z, 1985 South 
Cape Way, Lakewood, Colorado 80227. 
WV@Z@ARRL.net 


WANTED: WW Il German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc@aol.com 
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DIGITAL VFO cee S-LINE & DRAKE R4 SERIES 


COLLINS DRAKE 
Includes A All Tuning 
2./MHz Crystal Is Done With 
Oscillator The VFO 1000 
To Replace Providing 
The Collins Complete 
VFO, Giving Digital Control 
Complete For Highest 
Control To The Accuracy And 
VFO 1000 Stability 
$275 + $15 S&H $250 + $15 S&H 


Easy installation ¢ just plug in the adapter and connect the cable 
THIS IS A DIGITAL VFO « NOT JUST A DIGITAL READOUT 
More Info & Order At kk4pk.com 


JOIN THE AWA 
ANTIQUE WIRELESS ASSOCIATION 


PRESERVING & SHARING COMMUNICATION’S TECHNOLOGY HISTORY 


e Publishes the renowned quarterly AWA Journal 

e Sponsors the unique, world famous Antique Wireless Museum 

e Publishes the scholarly annual AWA Review 

e Produces the exciting Annual AWA Convention 
Annual membership dues: $35 USA, $40 elsewhere. Visit the AWA Web Site at 
www.antiquewireless.org to learn more about AWA and other membership options. 


Tubes, Tubes, Tubes 


for your next project! 
Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers Electric Guru Parts House 
Sales - Service -Manuals - Parts www.electricgurupartshouse.com 
Box 633, Englewood, FL 34295-0633 Phone: 262-833-7999 


Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 

“Since 1985” 


Check out our website and download latest catalog. 
David Whitham, K9DQ, PO Box 212, Franksville, Wi 53126 
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WANTED: Service for Watkins-Johnson 
WJ-8718 receivers. We have several at 
KPH that need repair. Can you help? 
info@radiomarine.org 415-990-7090 


WANTED: A photocopy or scan of “The 
Genesis of Station CHARLES” by George 
L. Graveson. Also “The OSS Comm Vets 
Papers, Second Edition.” 
daveg3uur @gmail.com 


WANTED: Teletypes for WWII museum 
working display. Models 14, 15, 19, 20, 
especially military, WWII versions. Low 
cost or donations near Colorado? Wayne 
WB40GM, hwhall@compuserve.com, 
719-574-5319 


WANTED: Collins Manufactured Tubes 
ca 1936-1938- Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C-251A, 
C-279A, C-800, C-802, C-841, C-849, C- 
852, Water Cooled Triodes such as C- 
207, C-858, etc, Air Cooled Rectifiers 
such as C-249A, C-357A, etc and Water 
Cooled Rectifiers such as C-214, C-237A, 
etc. Jim Stitzinger, WA3CEX, 23800 Via 
lrana, Valencia, CA. 91355 818-519-4419, 
jstitz @ pacbell.net 


WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to complete his 
collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco@sonic.net 


WANTED: 1930's civilian airline radios 
air or ground station use- Any radios or 
test gear used by FCC Hallicrafters etc- 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
briankn4r@ gmail.com, 704-657-8910 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 


WANTED: Collins promotional literature, 
catalogs and manuals for the period 1933- 
1993. Jim Stitzinger, WA3CEX, 23800 Via 
lrana, Valencia, CA 91355. 818-519-4419. 
jstitz @ pacbell.net 
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WANTED: ARC-5 transmitter racks MT 
69, 71, 73,. 75. : Steve;rame2DKT,; 
skeller53@gmail.com, 718-405-8378 


WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 


WANTED: FCC and RID-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
briankn4r @ gmail.com 


WANTED: Lots of IERC TR5-5020H 7-pin 
black tube shields! Chuck Felton, 307- 
634-5858 


WANTED: PRESS WIRELESS, NY: 
Photos, information WANTED on 
Hicksville, Baldwin, Little Neck, 
Centereach, Northville facilities. George 
Flanagan, 42 Cygnet Dr., Smithtown, NY 
11787 w2krm@optonline.net 631-360- 
9011 


WANTED: The serial number and tube 
complement of your B&W 370 SSB 
Adapter. Grant, ng5t @tx.rr.com, 214-629- 
8759 


WANTED: R-390As. Itwas builtto play, not 
sit and decay. | overhaul and find them a 
good home. Ted@x44.cc 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
N1VJ, Hopkinton, RI 401-377-4912 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 
rodperala@ aol.com 

WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KA6NNR, POB 
7164, St. Davids, PA 19087. 215-806- 
2005 
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WANTED: Collins R-389 LF receivers, 
parts, documentation, anecdotes, 
antidotes. W5OR Don Reaves, PO Box 
241455, Little Rock AR, 72223 501-868- 
1287, W5OR@militaryradio.com or 
www.r-389.militaryradio.com 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: Incarcerated ham seeks 
correspondence. w/others on mil R-390's 
&backpacks- & tube radios. Also copies 
of postwar-90’s surplus catalogs, 
backpack specs & photos. W.K. Smith 
44684-083, FCI Ft. Dix, PO BOX 2000, Fort 
Dix, NJ 08640 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956 


WANTED: Vlbroplex or other Bugs for 
Restoration. Email with condition/ 
images, KC9QUNL, Curt Gidding, 
curtstamp @aol.com 217-359-4017 


WANTED: To complete SCR-178 set, 
Generator GN-37, Lamp LM-18, Wiring 
diagram that screws into the case lit. 
Robert Forte, RVFORTE@GMAIL.COM 
732-894-3558 


WANTED: Information from owners of the 
BC-187 MO-PA transmitter for follow-up 
to my BC-186 ER article. Please contact 
me if you own one of these sets. | am 
looking for user experiences and the 
information on the ID tag - order numbers, 
serial numbers, etc. Also looking for 
anyone with BC-187 calibration chart. 
email me at wa2ejt59@stny.rr.com or 
phone me before 8:30PM Eastern time at 
607-754-2848 — leave a message and | 
will return your call. Thank you. 


sling 


EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


www.ezhang.com 


Call Today! 


HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 


shot (U.S. Patent No. 6286495), with new 


wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 14,000 satisfied 
customers.around the world! 


304-856-1026 
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Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a bygone era”). The back has “Real 
Radios Glow in the Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. 
The color is slightly lighter than 
the cover of ER. $17.00 
delivered, $18.00 for XXL. 
(Medium Available by Special 
Order) 


The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


1 FAS Ces Be Aree Poe mee 4 hours, $89.95 


Collins 75S-3 and 32S-3.............ccccccsecees 2 hours, $89.95 
COUTITS : BO ab once. sskconscsccsesoarenscesaseteee eee 1 hour, $39.95 
COINS 30S <1 ioie. scasedene.sscteinntdccdensccnsencs teens 1 hour, $39.95 
Codi KW Sani ise icccdssdeneissdvadescocedacotedeens 2 hours, $39.95 
Collins 7 SA Ha csniacis cidesus czascatcaes sedaceliaeee 2 hours, $89.95 
Collins R-=390A.22. ncssievsctéeckd aciieie eee 7 hours, $109.95 
Collins R-390A Addendumn................... 2 hours, $49.95 
MEL SY es Sees 4 hours, $89.95 


Priiority shipping within the US is $6.75 each for the firsttwo DVDs, 
additional titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 
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Licensed at least 25 years ago and licensed today? 


Then you should join the 
Quarter Century Wireless Association, Inc. 
To Join or Renew visit: 
http viwnww.gqewa.orgijoin-renew.php 


For more information please contact 
om@qcwa.org 


W7EG True Ladder Line and 


Wire Antennas 
¢ 600 Ohm Open-Wire Ladder Line 
e The most trusted, reliable, all-band 
doublet for 20 years. 
¢ Thousands in Use, Sold Worldwide 
¢ Use coupon code “ER” for 10% 
discount. 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


e World Class 


Your Resource for * * Collins Radio * * 


¢ Offering Unparalleled Free as well as.. 
e ,... Exciting Member Benefits 
Signal Magazine 


° Visit at collinsradio.org & join the fun 
* See our Events Calendar 


e Comesee what the excitement is about 


WANTED: Vibrators: Oak V-6556, 
Plessey 614SC, James Vibrapowr C- 
1243 or any marked FSN 6130-249- 
5699. Non-functioning okay, but no 
obvious junk please. Rich Parker, 
KB2DMD, 1205 Sleepy Hollow Rd, 
Pennsburg, PA 18073, 215-541-1099 


Ee 4) 
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NOTICE: Vintage SSB Roundtable every 
Tuesday at 7 PM Local Pacific Time, 
3895 Southwest USA. All welcome. Ron, 
K2RP@ARRL.NET 


NOTICE: Boatanchors Unlimited SSB 
Net, 7:30 PM Central on 3.870 every 
Wednesday since 1996. All are 
welcome. k8wozdan@gmail.com 
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Subscription Information 
Published Monthly 
The monthly Electric Radio mailing date is posted at www. ermag. com. 
Rates within the US: a 
Ist Class Rate: $47 (mailed in envelope) 
Periodicals Rate: $36 


Rates outside the US, by airmail only: 
Canada : US $54 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Friday 
Supe es and renewals maybe purchased online at 
WWW.ERMAG.COM 


email: Ray@ERmag.com 


Electric Raa 
Baseball Caps! 


Always popular, the Electric Radio 
baseball caps are a nice 6-panel all- 
cotton style with an adjustable rear 
headband anda 3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 


Or On-Line: www.ERmag.com 
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Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested PERIODICAL 
8/18 


W9ADS 01/19 
James Beyer 
6213 Countryside Lane 
Madison WI! 53705-1025 
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READY TO DOWNSIZE 
YOUR ESTATE? 


Estate planning for your ham, antique radio or 
audio equipment can be difficult. Take the 
stress off you and your family by calling us at 
816-455-5520 to see how we can help. 


We are a Midwest based online auction 
company with a global reach. 


Nationwide pickup services available. 


SCHULMAN 


AUCTION & REALTY, LLC 


(ee 73, David Schulman, WDOERU 
HALLICRAFTERS SR-2000 HURRICANE 816-455-5520 or 913-568-3767 
SOLD FOR $2,255 david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 


